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ABSTRACT  FOR  PART  II 


This  part  contains  sixteen  appendices  (A-P)  to  the  chapters  of  Part  I 
of  the  final  report  for  OCD  Sub-task  1115A,  Analysis  of  Survey  Data.  These 
appendices  contain  details  of  computer  programs  used  in  categorization  of 
structures  with  respect  to  technical  shielding  characteristics  end  resultant 
tabulations  (A-E) ;  details  of  the  RTI  33  NFSS  Phase  1  building  sample  selection 
method  (F) ;  an  illustration  of  procedures  used  in  identifying  building  elements 
critical  to  TF  computations  (G);  RTI  computational  method  and  forms  used  in 
making  Engineering  Manual  PF  calculations  for  the  33  sample  buildings  (H) ; 
descriptions  of  the  33  buildings,  the  five  PF  results  (AE  Phases  1  and  2,  RTI 
FOSD1C  with  and  without  partitions,  and  Engineering  Manual),  and  analyses  of 
individual  building  input  and  procedural  differences  judged  to  have  affected 
the  PF  differences  (I);  construction  details  of  four  buildings  used  in  com¬ 
paring  experimental  and  calculated  PF's  (J):  trapped  potable  water  field 
data  gathered  in  the  33  building  Burvey  (K);  detailed  analyses  of  Technical 
Operations  Research  reports  that  affect  the  procedures  used  to  calculate  PF's 
(b-N);  a  summary  of  conclusions  and  recommendations  made  by  Technical  Operations 
Retearch  and  concurred  with  by  RTI  (0);  and  detailed  recommended  modifications 
to  the  NBS-NFSS  Computer  Program  (P)„ 
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Analysis  of  Survey  Data:  Part  II  -  Appendices 


INTRODUCTION 

This  part  contains  appendices  which  provide  supplemental  detailed  information 
regarding  subjects  discussed  in  Part  I  of  the  final  report  for  Office  of  Civil 
Defense  Sub-task  1115A,  Analysis  of  Survey  Data.  They  are  reported  to  substantiate 
conclusions  and  recommendations  made  in  Part  I  and  because  of  their  potential 
value  to  other  research  projects. 

Sub-task  1115A  involved  four  major  areas  of  study:  (1)  analysis  of  the  NFSS 
findings  to  determine  probable  error;  (2)  categorization  of  surveyed  structures 
with  respect  to  technical  shielding  characteristics;  (3)  evaluation  of  new  infor¬ 
mation  on  shielding;  and  (4)  recommendations  for  changes  to  tho  NBS-NFSS  Computer 
Program. 

Brief  summaries  of  the  appendices  arc  contained  in  the  following  paragraphs: 
Appendices  A-D 

Details  of  computer  programs  used  in  the  selection  of  a  sample  of  1541 
NFSS  Phase  1  buildings  for  categorization  (see  Part  I,  Chapter  3)  Hnd  for  the 
compilation  of  shelter  and  building  statistics  are  contained  in  these  appendices. 
These  programs  arc  in  FORTRAN  for  use  on  the  National  Bureau  of  Standards  IBM  7090 
Computer.  Source  program  listings  are  included  for  each  of  the  computer  programs. 
The  detailed  structural  input  data  and  PF  output  data  for  the  sample  are  available 
on  magnetic  tape  for  any  additional  categorization  which  may  become  desirable. 
Appendix  E 

Tabulations  are  presented  for  NFSS  Phase  1  buildings  and  shelter  areas 
categorized  by  story  number,  percent  apertures,  contaminated  plane  width,  floor 
area,  interior  partitions,  wall  mass  thickness,  dose  source,  percent  basement 
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exposure,  and  physical  vulnerability.  These  statistics  are  presented  £or 
buildings  and  shelter  areas  by  building  FF  class.  A  FF  Class  3  building  is 
defined  as  having  its  highest  rated  shelter  in  FF  Category  3. 

Summaries  of  the  tabulations  are:  (1)  39  percent  of  the  shelter  areas 

are  in  the  basement,  (2)  the  mean  story  number  varies  from  three  to  four 

for  all  FF  categories  except  Category  8,  where  it  Jumps  to  six,  (3)  the 

average  percent  of  apertures  for  all  buildings  ranges  from  fifteen  to  nineteen 
percent  and  for  shelter  areas  never  exceedi;25  percent,  (4)  the  vast  majority 
of  the  shelter  areas,  78  percent,  have  an  area  in  the  range  of  1,000  •  10,000 
square  foot,  (5)  only  seventeen  percent  of  the  total  shelter  areas  hove  Interior 
partitions  reported,  (6)  the  modal  value  of  the  exterior  wall  mass  thickness  falls 
in  tlie  range  of  100  -  ISO  paf.and  (7)  eighty  percent  of  the  sample  buildings 
have  only  one  part  reported,  12  percent  have  two  parts  and  four  percent  have 
three  parts. 

A  thorough  discussion  of  categorization  of  technical  shielding  characteristics 
of  NFSS  structures  is  presented  in  Part  I,  Chapter  3. 

Appendix  F 

Details  of  the  selection  of  33  sample  buildings  surveyed  by  RTI  (see 
Part  I,  Chapter  4)  to  estimate  the  probable  error  of  the  NFSS  findings  are 
presented  in  this  appendix.  Included  are  descriptions  of  the  universe  of 
buildings  sampled,  the  development  of  sampling  units,  procedures  used  in  determinitig 
the  specific  buildings,  and  an  estimate  of  the  statistical  confidence  of  observed 
average  differences.  Comparisons  are  made  in  Appendix  I. 

Appendix  G 

A  sensitivity  analysis  used  to  identify  building  structural  elements  which 
are  most  Important  in  radiation  shielding  is  discussed.  Studies  of  this  type 
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helped  to  identify  structural  data  requiring  more  precision  in  evaluation 
in  the  RTI  survey  described  in  Part  I,  Chapter  A, and  Appendix  1, 

Appendix  H 

This  appendix  describes  the  standardized  computational  procedures  developed  and 
used  by  RTI  to  calculate  protection  factors  by  the  Engineering  Manual  (EM)  method 
for  the  sample  of  33  buildings  analyzed  in  Part  I,  Chapter  A. and  Appendix  1. 

Included  are  functional  equations  used  in  the  computations;  samples  of  forms 
used  to  determine  contributions  frcm  the  adjacent  wall,  through  the  celling, 
and  through  the  floor;  a  sample  of  the  form  used  for  basement  shelters;  and 
detailed  Instructions  for  using  the  forms.  These  procedures  should  be  or  use 
to  those  required  to  carry  out  EM  computations  routinely. 

Appendix  I 

Presented  are  detailed  descriptions  of  the  33  sample  buildings  surveyed 
by  RTI  and  reported  in  Part  1,  Chapter  A.  AE  Phase  1  and  RTI  FOSDIC  input 
data  are  compared  for  each  building.  AIbo  reported  are:  (1)  plan  view 
building  outlines,  (2)  photographs  of  each  building,  (3)  results  of  PF 
computations,  (A)  an  analysis  of  the  input  and  procedural  differences  Judged 
to  have  Influenced  the  difference  in  AE  Phase  1  and  RTI  calculated  PF's,  and 
(5)  a  description  of  the  'formulas  used  in  the  statistical  analyses. 

Appendix  J 

Construction  details  necessary  to  calculate  Engineering  Manual  PF's  for 
four  buildings  are  presented  in  Appendix  J,  These  buildings  were  previously 
experimentally  evaluated  by  Edgerton,  Germeshausen,  and  Grier,  Inc.,  (EG&G). 
Experimental  PF's  and  EM  computations  are  compared  for  these  four  buildings  in 
Part  I,  Chapter  5.  The  results  are  close  enough  in  most  cases  that  modest  mass 
thicknesses  assigned  to  interior  contents  would  make  them  agree. 
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Appendix  K 


Sources  and  amounts  of  potable  water  available  In  each  of  the  buildings 
In  the  RTI  33  building  sample  are  contained  herein.  A  summary  of  the  potable 
water  survey  results  Is  contained  In  Part  I,  Chapter  8.  An  average  of  2.96 
gallons  per  PF  Category  4-8  shelter  space  was  found  In  the  33  building  sample. 
Appendices  L,  M.  and  N 

Appendices  L,  M,  and  N  contain  RTI' a  detailed  analyses  of  Technical  Operations 
Research  (Tech  Ops)  Reports  TO-B  62-26,  TO-B  62-58,  and  TO-B  63-6,  respectively. 

The  first  two  report  experimental  measurements  of  the  effect  of  limited  strips 
of  contamination  on  a  model  building  and  the  third  roport  is  concerned  with 
model  experiments  on  interior  partitions.  The  effect  of  these  reported  results 
and  others  on  the  calculation  of  building  protection  factors  is  summarised 
in  Part  I,  Chapter  6. 

Appendix  0 

This  is  a  consolidation  of  conclusions  and  recommendations  made  by  Tech  Ops 
in  reports  reviewed  by  RTI  and  concurred  with  by  RTI.  A  review  of  all  shielding 
research  reports  evaluated  by  RTI  is  presented  in  Part  I,  Chapter  6. 

Appendix  P 

Details  of  recommendations  made  by  RTI  in  Part  I,  Chapter  7,  for  changes 
in  the  NBS-NFSS  Computer  Program  are  presented  in  this  appendix.  The  recommenda¬ 
tions  for  changes  bring  the  computer  method  of  calculating  PF’s  closer  to  the 
Engineering  Manual  method  while  using  only  NFSS  Phases  1  and  2  data.  Recommenda¬ 
tions  for  changes  in  the  method  of  calculating  contributions  are  made  for  exposed 
basements,  roofs,  stories  above  grade,  and  areavays.  Revised  area  factors  and  a 
method  for"  considering  the  effect  of  interior  partitions  are  also  included. 
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Appendix  A 


Program  Operating  Instructions  for  Categorization 
Building  Sample  Selection 

I.  INTRODUCTION 

Appendices  A,  B,  C,  and  D  give  the  listings  and  describe  the  computer  programs 
that  select  a  stratified  sample  of  NFSS  buildings  and  categorises  them  by  structural 
characteristics.  The  results  of  the  statistical  analysis  of  the  structural  charac¬ 
teristics  of  the  1541  building  sample  are  presented  In  tabular  form  In  Appendix  E. 
Chapter  3  summarizes  these  resulta  and  describes  the  use  of  the  computer  programs. 
The  data  In  Appendices  A-E  and  Chapter  3  were  originally  submitted  to  OCD  as 
Research  Memorandum  RM  81-9  (Reference  1). 

Altogether,  there  nrc  four  separate  IBM  7090  FORTRAN  programs  which  are  used 
for  the  selection  and  analysis  of  the  buildings.  Appendix  A  contains  the  operating 
Instructions  for  each  program  and  presents  some  additional  descriptive  material 
for  the  various  calculations.  Appondlces  B  nnd  C,  respectively,  contain  the  Primary 
Source  Program  listings  that  are  used  for  the  sample  selection  and  statistical 
study  programs.  Formulas  used  at  several  stages  of  the  calculations  were  developed 
as  subroutines.  Appendix  D  lists  and  describes  these  subroutine  source  programs. 

The  sample  selection  calculations  arc  done  In  two  steps  using  programs  BSSM2 
and  BSSM1  involving  Independent  computer  runs.  Program  BSSM2  selects  the  sample 
from  the  M2  (shelter)  file,  and  program  BSSM1  merges  with  this  the  corresponding 
Ml  (FOSDIC)  file  data  and  prepares  a  binary  sample  tape  which  contains  all  of 
the  M2  and  Ml  file  data  for  each  building  In  the  sample. 

Program  BSPO,  which  also  involves  an  independent  computer  run,  prepares  BCD 
tapes  for  off-line  printing  which  contain  the  M2  and  Ml  data  for  the  complete 
sample. 
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Program  SHSTAT  segregates  the  sample  data  according  to  building  PF  class  (see 
Part  I,  Chapter  3,  Section  IV.  A.  1)  and  prepares  numerical  tabulations  relating 
PF  with  structural  characteristics  lor  each  building  class  and  for  the  total 
sample  population.  Optionally,  the  complete  M2  and  Ml  data,  segregated  in 
building  PF  classes,  may  be  output.  Program  SHSTAT,  with  or  without  the  optional 
output,  involves  one  computer  run. 

Operating  instructions  and  additional  descriptive  material  are  presented  in 
the  following  sect 'one  for  each  calculation.  Complete  source  program  listings 
are  given  in  Appendices  B,  C,  and  D  for  all  programs  used.  The  programs  were 
written  for  use  on  the  IBM  7090  computer  under  control  of  the  Bell  SYS  3  operating 
system. 

II.  PROCRAM  BSSM2 

A.  Card  Input 

1.  Selection  interval  and  number  of  M2  file  tapes  to  be  rend  are  inputs. 
FORMAT  (2H0). 

2.  One  cord  is  used  for  each  M2  file  tape,  in  the  order  that  the  tapes  are 
read.  Each  card  contains  the  number  of  shelter  files  on  a  tape.  FORMAT 
(110). 

B.  Tape  Input 

Tapes  B5,  B6,  B7,  and  B8  arc  used  for  the  four  M2  file  tapes,  in  order  of 
* 

reading  .  If  the  tapes  are  mounted  out  of  proper  sequence,  the  program  will 
write  a  comment  to  this  effect  on  the  system  output  tape;  it  will  examine  the 
remaining  tapes  to  ascertain  their  sequence,  write  this  on  the  system  output 
tape,  and  then  terminate  the  job. 

•ft 

NBS  tapes  1055,  1085,  1527, and  1349  wore  used  for  this  study. 
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C.  Binary  Tape  Output 


Shelter  file  entries  for  the  sample  buildings  are  written  on  tape  A5.  This 
tape  is  used  for  input  to  Program  BSSM1. 

D.  BCD  Output 

During  the  course  of  the  calculations,  various  tests  are  made  on  the  consistency 
and  accuracy  of  the  data,  and  tests  also  are  mode  for  tape  checks  and  end-of-filcs. 
When  these  tests  are  failed,  appropriate  comments  are  mnde  on  the  system  output 
tape  and  the  Job  ic  terminated. 

A  subtotal  of  the  number  of  shelter  file  records  rend  is  printed  after  rending 
completely  each  M2  file  tape.  The  number  of  buildings  rejected  on  each  tape  also 
is  printed.  Upon  successful  completion  of  the  job,  the  random  number  used  to 
start  the  building  selection  and  the  number  of  buildings  selected  for  the  sample 
are  printed.  In  addition,  the  numbers  of  buildings  and  shelters  scanned  arc 
printed  in  octal  form. 

E.  Running  time  was  33  minutes  for  the  1541  building  sample. 

111.  PROGRAM  BSSM1 

A.  Card  Input 

Number  of  buildings  in  sample,  and  number  of  Ml  file  topes  to  be  read  are 
inputs.  FORMAT  (2110). 

B.  Tape  Input 

The  intermediate  sample  tape  generated  by  program  RSSM2  is  mounted  on  A5. 
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The  Ml  file  consists  of  nine  reels  of  tape  .  The  first  three,  in  order  of 
reading,  are  mounted  on  B5,  B6,  and  B7.  When  B5  has  been  completely  read,  it 
is  rewound  and  the  program  automatically  begins  reading  B6.  The  tape  on  B5 
should  be  replaced  with  the  fourth  Ml  file  reel,  etc.  After  B7  is  completely  read, 
the  program  stops.  When  the  start  button  is  pushed,  the  reading  cycle  auto¬ 
matically  begins  again  at  B5.  This  process  continues  until  FOSDIC  schedules  have 
been  found  for  all  building  parts  in  the  sample. 

C.  Binary  Tape  Output 

The  program  merges  the  M2  and  Ml  file  data  for  the  sample  buildings  and 
writes  these  data  in  binary  form  on  tape  A6,  This  tope,  designated  as  the 
sample  tape,  provides  input  for  subsequent  etogcs  of  the  study. 

D.  BCD  Output 

Information  sufficient  to  identify  completely  each  FOSDIC  schedule  for  the 
sample  buildings  is  written  on  the  system  output  tape.  One  line  of  information, 
as  described  in  Chapter  3,  Section  III.  B.  Step  2,  is  printed  for  each  FOSDIC 
schedule. 

During  the  calculations  various  accuracy  and  consistency  tests  are  made  on 
the  data.  In  addition,  tape  check  and  end-of-file  tests  are  made.  If  these 
tests  are  failed,  an  appropriate  comment  is  written  on  the  system  output 
tape  and  the  Job  is  terminated.  However,  note  that  pauses  occur  each  time  the 
reading  of  tape  b7  has  been  completed  and  also  when  a  FOSDIC  count  obtained 
from  the  Ml  file  tapes  does  not  agree  with  the  tally  made  by  the  program.  To 
continue,  pu‘  jTART. 

*  The  tapes  used  for  this  study  were  NBS  tapes  1043,  1045,  1047,  1049,  1525,  1024, 
1539,  1540,  and  1541. 
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When  the  Job  Is  successfully  completed,  the  total  number  of  F0SD1C  schedules 
selected  Is  written  in  octal  form  on  the  systemoutput  tape.  Also,  the  total 
numbers  of  sample  shelters  in  each  of  the  nine  PF  categories  from  0  through  8 
are  listed  on  the  system  output  tape. 

E.  Running  time  was  65  minutes  for  the  sample  of  1541  buildings. 

IV.  PROGRAM  BSPO 

A.  Card  Input 

Number  of  buildings  in  the  sample  is  input.  FORMAT  (110) 

B.  Tape  Input 

The  binary  sample  tape  generated  by  program  BSSMl  is  mounted  on  A6. 

C.  BCD  Output 

Tape  B5  is  used  for  BCD  output  of  the  FOSDIC  schedule  data  for  the  number  of 
buildings  specified  by  the  cord  input.  This  output  is  illustrated  in  Figure  3 

•it 

of  Chapter  3  .  For  the  1541  building  sample,  3^  reels  of  tape  were  written. 

Tope  B6  is  used  for  BCD  output  of  the  PF  calculation  results  for  tho  shelters 

'k'k 

of  as  many  buildings  ns  are  specified  by  the  card  input  .  This  output  is 

<j^ 

Illustrated  in  Figure  4  .  Approximately  2/3  reel  of  tape  was  written  for  the 
1541  building  sample. 

D.  Running  time  was  approximately  22  minutes  for  the  1541  bulldinR  sample. 

V.  PROGRAM  SHSTAT 


A.  Card  Input 

The  number  of  buildings  in  the  sample  and  a  quantity  KPTO  are  input  on  cards. 
FORMAT  (2110).  See  Section  C  below  for  a  description  of  KPTO. 


All  referenced  figures  are  in  Chapter  3. 

**A  check  of  the  printouts  for  a  subsample  against  the  printouts  for  the  same  shelter 
spaces  on  file  in  the  Pentagon,  showed  frequent  errors  in  the  shelter  volume  as  given 
in  the  subsample  printout.  At  the  time  of  this  writing,  no  errors  to  account  for 
this  have  been  found  in  the  programs  presented  in  this  report.  Accordingly,  it  is 
assumed  that  either  some  adulteration  of  the  story  height  values  on  the  M2  file  tapes 
has  occurred,  or  that  the  disposition  of  the  story  height  data  in  the  shelter  file 
entries  has  been  incorrectly  reported  in  Reference  2. 
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B,  Tape  Input 


The  binary  sample  tape  generated  by  Program  BSSM1  ia  mounted  on  A5.  It  must 
be  file  protected.  Tapes  A6,  B5,  and  B6  are  used  for  intermediate  storage.  After 
the  sample  tape,  on  A5,  has  been  read  and  rewound,  replace  it  with  a  pool  tape  for 
intermediate  storage  use. 

C.  BCD  Output 

1.  If  KPTO  ■  0,  complete  FOSDIC  and  shelter  PF  data  are  written  on  the  system 
output  tape  for  each  building  PF  class.  See  Figures  3  and  4  for  illustrations 
of  this  output.  If  KPTO  i  0,  this  output  is  deleted. 

2.  Statistical  tabulations  for  each  shelter  characteristic  listed  in  Chapter  3, 

Section  IV.  A.  2,  with  the  exception  of  percent  basement  exposure,  arc  out¬ 
put  for  each  building  PF  class.  * 

3.  Statistical  tabulations  consisting  of  accumulated  shelter  statistics  for 
all  building  PF  classes  arc  output  for  each  characteristic  Hated  in 
Chapter  3,  Section  IV.  A.  2. 

A.  Statistical  tabulations  are  output  for  each  building  characteristic  listed 
in  Chapter  3,  Section  IV.  B.  2. 

D.  Running,  time  was  approximately  10  minutes  for  the  1541  building  sample  for  the 
case  with  FOSDIC  and  shelter  PF  output  deleted.  When  the  complete  output  was 
obtained,  the  running  time  was  approximately  31  minutes. 


REFERENCES 


1.  H.  G.  Norment.  A  Statistical  Analysis  of  the  Influence  of  Building  Characteristics 
on  Fallout  Radiation  Shielding.  Research  Memorandum  RM  81-9.  Durham,  North 
Carolina:  Operations  Research  Division,  Research  Triangle  Institute,  6  September 
1963. 

2.  L.  V.  Spencer  and  C.  Eisenhauev.  Calculation  of  Protection  Factors  for  the 
National  Fallout  Shelter  Survey.  NBS  Report  7539.  Washington:  U.  S. 

Department  of  Commerce,  July  1962. 


-  A-6 


Appendix  2 


Source  Program  LlstlnRa  for  Sample  Selection 
I.  INTRODUCTION 

This  appendix  gives  a  brief  descript' on  of  computer  programs  used  only  for 
selecting  the  1541  sample  buildings  used  in  categorization  (see  Chapter  3).  Source 
program  listings  are  Included.  Subroutines  used  in  the  sample  selection  calculation 
but  not  listed  herein  arc  discussed  In  Appendix  D. 

II.  PROGRAM  DESCRIPTIONS 

A.  BSSM2 

See  Part  I,  Chapter  3,  Section  III.  B.  Step  1  and  Appendix  A,  Section  II. 

B.  BSSMl 

See  Pnrt  I,  Chapter  3,  Section  III.  B.  Step  2  and  Appendix  A,  Section  III. 

C.  BSPO 

See  Part  I,  Chapter  3,  Section  III.  B.  Step  3  and  Appendix  A,  Section  IV. 

D.  RNDM 

See  Part  I,  Chapter  3,  Section  Ill.  B.  Step  la. 

E.  FTPRD 

This  program  reads  the  eight  word  BCD  prefix  record  of  each  M2  file  tape. 

F.  FTSR  (NT.  W.  NW.  NFG) 

A  record  of  NW  binary  words  from  tape  NT  is  read  into  core  storage  starting 
with  location  W.  If  a  tape  check  is  encountered  five  successive  times,  NFG  ■  1. 
If  an  end-of-filc  is  encountered,  NFG  =  2.  Otherwise  NFG  ■  0.  NFG  is  a  FORTRAN 
integer. 

G.  FPTNO  (Wl.  W2  ,  N) 

This  program  extracts  the  building  pait  number  from  words  Wl  and  W2  and 
stores  it  in  the  decrement  of  N. 


B-l 


H. 


FSKPD 


This  program  skips  over  the  twelve  word  BCD  record  prefix  to  the  Ml  file 
tapes . 

1.  F2FLD  (NT.  NFD.  NFG) 

This  program  reads  the  final  record  on  each  Ml  file  tape  (NT).  This  record 
contains  the  number  of  FOSDIC  schedules  on  the  tape.  This  is  stored  in  the 
decrement  of  NFD.  See  description  of  NFG  under  FTSR  above. 
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III.  SOURCE  PROGRAM  LISTINGS 


C  BUILDING  SAMPLE  StLEcTGR  PRO,'.  NUN  MAS1 F  R  2  TAPtS  (SHELTER  Flitl  nSSM2 
C  RESEARCH  TRIANGLE  INSTITUTE  6SSM2 

C  BSSM2 

DIMERS  ION  PHI  8  I  .NRF  I  20 ). MU  I  2LTI1  ) .HI  I  7  I .«? I  3)  .W3I3I.WLI 1000.81  aS$M2 

1.H0I2L0I) 

NBDW*  0  US&M2 

NT*1L  BSSM2 

NR»0  BSSM2 

N$*0  BSSM2 

NBLD*  0  BSSM2 

DO  10  Mt»l»3  BS5M2 

10  WIKKOO.  6SSM2 

LT*S  6SSM2 

11*0  RSSM2 

NTR*0  H.S1M2 

NZBlD.O  BSSM i 

LR*1  OSSM2 

LL  a0  BSSMil 

NP2MB  0SSM2 


NW«2L01 

BSSM2 

NSAIUO 

0S9('I2 

REAO  S01C.N3.NL 

BSS.32 

DO  SO  JJ^l.NL 

o>SM2 

SO  READ  SOlO,NRF(jji 

8SSM2 

2-N3 

BSSM2 

YwRNOMF 1 2 1 

PSSM2 

N2«Y 

8SSM2 

r»M 

8SSM2 

IFIY-ZI90.90.60 

8SSM2 

eo  ni»n:*i 

BS»M2 

90  CALL  FSUFT IN2.2N2.LH.NP2) 

asjM 

DO  27  0  .  JJJ" 1 .NL 

JO  i 

JJJ.JJJ 

ess  32 

NT«NT*1 

asSM. 

100  REHIND  NT. 

BSSM2 

110  CALL  FTPRDIN1  .NTR.PWIBI .NT Gl 

RSSM2 

IF1NFG-1U13.1  11.112 

rt5SM2 

111  PRINT  S060.NT 

BSSM2 

GO  TO  120 

HSSM2 

112  PRINT  *080. NT 

BSSM2 

GO  TO  120 

BSSM2 

113  1FINTR-JJJI120.1L0.120 

BSSM2 

120  REMIND  NT 

BSSM2 

PRINT  5000.NT.NTR 

USSM2 

KN  »NL ♦ IL-NT 

BSSM2 

CO  130  JJ.l.KL 

rtASMI 

NT  »NT  *1 

BSSM2 

REMIND  NT 

BSSW2 

CALL  f  TPRDINI  ,\TR,Pw  (8  1  .NFGI 

BBS  M2 

REWIND  NT 

BSS*2 

IFINFG-1I123. 121.122 

BSSM2 

121  PRINT  5060. NT 

BSSm2 

GO  TO  130 

b  SS-.2 

122  PRINT  5080. NT 

BSS.’-'.E 

GC  TO  130 

o»S.-:2 
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Appendix  C 


Source  Program  Listings  foe  Statistical  Analysis 
I.  INTRODUCTION 

This  appendix  gives  a  brief  description  ot  the  computer  programs  used  exclusively 
for  the  statistical  study  of  the  sample  building  structural  characteristics  and  the 
relations  of  these  characteristics  to  shielding  effectiveness  (see  Chapter  3). 

Source  program  listings  are  included.  Subroutines  used  in  the  calculations  but  not 
listed  herein  are  discussed  in  Appendix  D. 

II .  PROGRAM  DESCRIPTIONS 

A.  SHSTAT  is  the  executive  program.  It  reads  the  sample  tape  and  accumulates  the 
the  statistics. 

B.  STAPtlT  outputs  shelter  statistics. 

C.  FINPUT  outputs  totaled  shelter  statistics  (by  calling  STAPUT)  and  building 
statistics. 

D.  FOSPUT  outputs  the  Ml  file  data  for  each  building  part  (see  Figure  3  of  Chapter  3). 
E-  FOSCAL  called  Instead  of  FOSPUT  if  the  Ml  and  M2  file  data  output  is  not  wanted. 

F.  SETUP  calculates  totals,  mean  PF,  and  standord  deviations  for  each  Bhelter 
or  building  characteristic. 

G.  COOL  calculates  and  accumulates  data  from  which  means  and  standard  deviations 
of  building  and  shelter  characteristics  with  discrete  distributions  are  to  be 
ealeu lated. 

H.  COOL  calculates  and  accumulates  data  from  which  means  and  standard  deviations 
of  building  and  shelter  characteristics  with  continuous  distribution  arc  to  be 
calculated . 

-  C-l  - 


I.  TOOL  calculates  means  and  standard  deviations  of  building  characteristics 
for  each  PF  category. 
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in.  SOURCE  PROGRAM  LISTINGS 


C  Hit. nut  SHELTER  CATECORI2ATION  STATISTICAL  STuOT  SHSTAT 

C  SHSTAT 

OlfENSION  ITU  AS.II.IFLMAS  .fl.lFLPIAS  ,<l,  SHSTAT 

I  1  ATI  10  •  .1  AFT  I  lO.RI.lAfflftQ.RI.IIPTIRI,  Ilflil  SHSTAT 

2.2IPI8I,  IfLIIOOiaitITLTIlOO.BI.  SHSTAT 

siat is.ei.iAAfis.ii.jARfis.ai.  or*  lai.n,  shstat 

A  IPSt?0,al,IFSPt20,ai.2PSfl20,rl,l02l5.al,ID2PI5,<il, 

SffTI90l.HFIASI.HSI6.ASI  .MI2I.  N17I T I  .NISI  Al  ,HI9I  19I.N2CI  2  SHSTAT 

6A I .N22IAI.H2JAI 14 1 , A21II 121 , N23C 1 1 2 1 .N2S0I 161 .NSHI 1SI.TLEI2T)  5IST1T 

OlfEASlON  HHTI 

IAI.HTLIAI.HFll20.ASI.HSll20.AS.61.INTTI20.ai.  ia2IIO.ll  S'STAl 

11*0  SHSTAT 

LR*1  SHSTAT 

Lia>ia  SHSTAT 

112*12 

f f«C  SHSTAT 

NTI.1S  SHSTAT 

AT2*16  SHSTAT 

18*8  SHSTAT 

174*24  SHSTAT 

110*10  SHSTAT 

16*6  SHSTAT 

HTS*S  SHSTAT 

ATT*6  SHSTAT 

fSua*o 

READ  lOOO.NRLO.RTtn  SHSTAT 

00  90  1*1,70  SHSTAT 

00  90  J*l,e  SHSTAT 

IPSI 1,11*0  SHSTAT 

1PSPII,1I*0  SHSTAT 

90  Iff T 1 1 , J t*C  SHSTAT 

00  100  |*l, AS  SHSTAT 

nc  ioo  j*i.e  shstat 

IFLI 1,21*0  SHSTAT 

100  JFLPII, 11*11  SHSTAT 

OC  101  1*1,10  SHSTAT 

00  101  J*|, I  SHSTAT 

18211,11*0 

IAFI l,JI*0  SHSTAT 

101  JAffl I , JI*C  SHSTAT 

CC  102  1*1,8  SHSTAT 

Jlftll*0  SHSTAT 

102  I1PTIII*0  SHSTAT 

00  101  1*1,100  5HSTAT 

OC  101  J*l,8  SHSTAT 

101  If L 1 1 • J 1*0  SHSTAT 

DO  ICA  1*1,9  SHSTAT 

OC  10A  1*1,8 

|AR|1,JI>0  SHSTAT 

102 1 1. J 1*0  SHSTAT 

10A  JAAFI 1,11*0  SHSTAT 

CO  105  1*1,91  SHSTAT 

CC  1C5  1*1,8  SHSTAT 

1C9  JfVI 1.21*0  SHSTAT 

110  RFHIMJ  ATS  SHSTAT 

RCHINO  HTl  SHSTAT 

REflHC  AT?  SHSTAT 

MEAlAO  ATT  SHSTAT 

N8L01*U  SHSTAT 

OC  120  1*1,2  SHSTAT 
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Appendix  D 


Source  Program  Listings  for  the  Subroutines 
I .  INTRODUCTION 

This  appendix  briefly  describes  subroutines  used  by  more  than  one  stage  of 
the  categorization  calculations  reported  in  Appendices  A,  B,  and  C  (see  Chapter  3). 
Source  program  listings  arc  included.  In  planning  the  study,  an  attempt  was  made 
to  sub-program  the  calculations  so  that,  in  proceeding  through  the  various  cnlcu- 
latlonal  stageo,  a  minimum  of  repetition  of  programming  would  be  required.  Accord¬ 
ingly,  generalized  subroutines  were  written  for  unpacking  the  Ml  and  M2  iile  data, 
word  masking  and  shifting,  etc. 

II.  PROGRAM  DESCRIPTION 

A.  SHELT(W.N) 

W  represents  the  six  word  pneked  M2  file  entry  (the  first  two  words  of 
the  original  entry  have  been  deleted)  and  N  represents  the  thirteen  shelter 
digits  expressed  as  FORTRAN  Integers,  ns  illustrated  in  the  shelter  output, 

Figure  4  of  Chapter  3. 

B.  F01T16(W.TLE) 

W  is  a  45  word  Ml  file  entry  and  TLE  is  the  sixteen  FOSDIC  entries  1-16, 
subdivided  into  27  port'ons,  in  BCD  form. 

C.  F017  (V?  .N17)  .  F018CW.N18).  F019(W.N19).  F020(W.N20).  F02KW.N21).  F022CW.N22) 

Each  of  these  programs  unpacks  and  expresses  as  FORTRAN  integers  the  entries 
of  the  corresponding  FOSDIC  items.  W  is  a  45  word  Ml  file  entry  For  example; 
N17  1 8  the  seven  FOSDIC  item  seventeen  entries,  in  order  of  presentation  on 
the  form  from  left  to  right  and  top  to  bottom. 
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D.  F023A(W,NA) .  F023B(W,NB)  .  F023C(W.NC).  F023D(W.ND) 


FOSDIC  item  23  was  subdivided  Into  four  parts;  A,  B,  C,  and  D  aa  follows: 

Part  Entries 

A  23n-23p 

B  23q-23& 

C  23c-23n 

D  230-233 

Each  entry  Is  expressed  as  a  FORTRAN  Integer. 

E.  PFCAT(WN.N) 

W  Is  a  floating  point  protection  factor  and  N  Is  the  corresponding  PF 
category  expressed  as  a  FORTRAN  Integer. 

F.  RND(W.N) 

U  Is,  In  general,  a  non-integral  floating  point  number  and  N  Is  the 
corresponding  rounded  Integer  In  FORTRAN  form. 

C.  FINCR(W) 

The  36  bit  integer  W  Is  incremented  by  one. 

H.  FMASK(W) 

The  last  six  bits  of  word  W  are  set  to  zero. 

I.  FCOMPCWl ,W2 ,N) 

W1  and  W2  arc  36  bit  Integers,  N  Is  a  FORTRAN  Integer  which  has  the  values 
zero  or  one  according  to  whether  or  not  Wl  ■  W2. 

J.  FSHFT(W1.W2.L,M1 

Logical  word  Wl  is  Bhiftcd  left  or  right  M  bits  according  to  whether  or 
not  L  =  0.  The  result  is  stored  in  W2. 

K.  FTSHCW1.W2.L.H) 

Same  as  FSHFT  except  that  algebraic  Wl  is  used. 
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L.  FMASH(W1.W2.K.L.M.N) 


This  subroutine  selects  a  word  mask  by  specifying  the  integer  K,  shifts 
it  L  bits  left,  masks  Wl,  shifts  the  result  M  bits  left  or  right,  depending 
on  whether  or  not  N  is  aero,  and  stores  the  results  in  W2. 

Each  mask  consists  of  J  non-zero  consecutive  bits  completely  right  justi¬ 
fied  in  the  mask  word.  J  and  K  are  related  as  follows: 


K 

0 

1 

2 

3 

4 

5 

6 

7 

8 


J 

36 

18 

12 

9 

8 

7 

6 

4 

3 
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III.  SOURCE  PROGRAM  LISTINGS 


SUBROUTINE  SMELT  IW.N) 

DIMENSION  WI6I  .Nl 131 

LL»0 

LR-1 

130 

L 1 C  *  1 C 

115*15 

L18*)6 

L  2 1  *2  1 

L28  *2  8 

TOT  *  0 .0 

CALL  FSllFTIWI2l.Mll.LL.L281 
CALL  FTSHINIl  liNlll.LR.L10) 

CALL  FMASHIWI 3 I.Wl.LR.Llb.LL.LL) 
iVl*wl  *K,00. 

TOT  •  T  OT  ♦Vi'l 

CALL  RNDlWl. MI2I  I 

CALL  FFASHCWI 3 1 »W1 .LH.LL.L 18.LL) 

«l*wl«lt>00. 

TOT  ■  T  0T  ♦W 1 

CALL  RML>(W1.NI31  I 

CALL  FMA&H(W(»| .W1.LR.L18.LL.LL  I 

Wl *W1 *  1003. 

TOT  *  TOT.'Wl 

CALL  RNDlWl .NIL  I  I 

CALL  FVASM(  w(  4  I  ,W1  .LH.LL.L  lfi.LL  I 

W1*W1*K00. 

TCT.TOC.wl 

CALL  RNDlWl .NISI  I 

CALL  F MASM ( w ( 3 1 »W1 . LR ,L 1 8 » LL .LL I 

..  1  -  W1  •  1000. 

tot*tOt.wi 

call  RNDlWl .Nl  6 1  I 

CALL  RND I  TOT  «N I  7 ( ) 

CALL  FMASMIWISI.WI.LF’.LL.LIB.LL) 

CALL  PFCAT I Wl .Nl 8  I  I 

CALL  F3HFT IWI6I.NI9I.LL.L21) 

CALL  FSMF  TINI9I.NI9I.LR.L3) 

NI9I»N(9I*10 

IFI4-NI8I 1200. 100. LOO 

100  W 1  a N I  9 1 
Wl ®W1 *0. 3 
GO  TO  3C0 

2 00  1F(5-N(8I1330. 3C0.30C 

300  .■*  1 «  N I  9 1 
Wl aWl AO. T 
GO  TO  300 

35C  Nl 10 ) «N( 9  I 
GO  TO  6C0 

4  00  W 1 >N I  V  I 

Wl*Wl *0.5 

5CC  CALL  RNDlWl .Nl 1011 

600  CALL  FMASH<4*<  6  t  »N(  11  I  .LK.LI  8  »LL  »LL  I 
CALL  F MASH IWI2 I .MtL3tL15.L3.LL ) 
IFINI  11-21601.602.670 


SHELT 

SHELT 

ShELT 

SHELT 

SHELT 

SHELT 

SHELT 

ShLLT 

SMELT 

SHELT 

SHELT 

SHELT 

ShELT 

ShELT 

ShELT 
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Appendix  E 


Shelter  and  Building  Tabulations  by  Structural  Characteristics 

This  appendix  presents  the  tabulations  made  for  the  1541  buildings  In  the 
statistical  sample.  Shelters  and  buildings  are  categorized  by  structural  charac¬ 
teristics  as  outlined  in  Chapter  3  and  presented  in  the  following  order: 

I.  SHELTER  STATISTICS  FOR  PF  CLASS  1  BUILDINGS 

II.  SHELTER  STATISTICS  FOR  PF  CLASS  2  BUILDINGS 

III.  SHELTER  STATISTICS  FOR  PF  CLASS  3  BUILDINGS 

IV.  SHELTER  STATISTICS  FOR  PF  CLASS  4  BUILDINGS 

V.  SHELTER  STATISTICS  FOR  PF  CLASS  5  BUILDINGS 

VI.  SHELTER  STATISTICS  FOR  PF  CUSS  6  BUILDINGS 

VII.  SHELTER  STATISTICS  FOR  PF  CUSS  7  BUILDINGS 

VIII.  SHELTER  STATISTICS  FOR  PF  CUSS  8  BUILDINGS 

IX.  TOTAL  SHELTER  STATISTICS  FOR  ALL  PF  CUSSES 

X.  BUILDING  STATISTICS 

The  column  heading  numbers  in  each  section  refer  to  the  PF  class  for  which 
that  column  applies.  For  example,  the  section  on  Shelter  Statistics  for  PF 
Class  3  has  column  headings  for  shelters  in  PF  Classes  1,  2, and  3.  This  parti¬ 
cular  section  considers  only  buildings  whose  highest  rated  shelter  is  in  PF 
Category  3. 
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I.  SHELTER  STATISTICS  FOR  PF  CLASS  1  BUILDINGS 


Shelters  contributing  to  these  tabulations  are  in  buildings  containing  at 
least  one  shelter  rated  in  PF  Category  1  but  none  higher.  There  are  483 
buildings  in  this  category.  Definitions  of  category  headings  Buch  as  Con¬ 
taminated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.2.  of 
Chapter  3. 
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NUKBE&  OF  SHELTERS  PRACTICE  OF  SHELTERS 
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IX.  SHELTER  STATISTICS  FOR  PF  CLASS  2  BUILDINGS 


Shelters  contributing  to  these  tribulations  are  in  buildings  containing  at 
least  one  shelter  rated  in  PF  Category  2  but  none  higher.  There  are  361 
buildings  in  this  category.  Definitions  of  category  headings  such  as  Con¬ 
taminated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.2.  of 
Chapter  3. 
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III.  SHELTER  STATISTICS  FOR  PF  CLASS  3  BUILDINGS 


Shelters  contributing  to  these  tabulations  are  in  buildings  containing 
at  least  one  shelter  rated  In  PF  Category  3  but  none  higher.  There  are  150 
buildings  in  this  category.  Definitions  of  category  headings  such  as  Con¬ 
taminated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.  2.  of 
Chapter  3. 
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IV.  SHELTER  STATISTICS  FOR  PF  CLASS  A  BUILDINGS 


Shelters  contributing  to  these  tabulations  arc  in  buildings  containing 
at  least  one  shelter  rated  in  PF  Category  A  but  none  higher.  There  are  1A2 
buildings  in  this  category.  Definitions  of  category  headings  such  as  Con¬ 
taminated  Plane  Width  and  Percent  Aperture  arc  found  in  Section  IV.  B.  2,  of 
Chapter  3. 
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FRACTION  OF  SHEITERS  PER  PF  CATEGORT 
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V.  SHELTER  STATISTICS  FOR  PF  CLASS  5  BUILDINGS 


Shelters  contributing  to  these  tabulations  are  in  buildings  containing 
at  least  one  shelter  rated  in  PF  Category  5  but  none  higher.  There  are  110 
buildings  in  this  category.  Definitions  of  category  headings  such  as  Con* 
tamlnated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.  2. 
of  Chapter  3. 
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DOSE  SOURCE 


VI.  SHELTER  STATISTICS  FOR  PF  CLASS  6  BUILDINGS 


Shelters  contributing  to  these  tabulations  are  In  buildings  containing 
at  least  one  shelter  rated  In  PF  Category  6  but  none  higher.  There  are 
104  buildings  In  this  category.  Definitions  of  category  headings  such  as 
Contaminated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.  2. 
of  Chapter  3. 
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VII.  SHELTER  STATISTICS  FOR  PF  CLASS  7  BUILDINGS 


Shelters  contributing  to  these  tabulations  are  in  buildings  containing 
at  least  one  shelter  rated  in  PF  Category  7  but  none  higher.  There  are  57 
buildings  in  this  category.  Definitions  of  category  headings  such  as  Con¬ 
taminated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.  ?. 
of  Chapter  3. 
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TOTAL 
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27.11  25.69  26.02  22.70  21.91 


NUMBER  OF  SHELTERS  PER  PF  CATEGORY 
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FRACTION  OF  SHELTERS  PER  PF  CATEGORY 
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TOTAL 


NUMBER  OF  SHELTERS  PER  PF  CATEGORY 
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VIII.  SHELTER  STATISTICS  FOR  PF  CLASS  8  BUILDINGS 


Shelters  contributing  to  these  tabulations  are  in  buildings  containing 
at  least  one  shelter  rated  in  PF  Category  8  blit  none  higher.  There  are  132 
buildings  in  this  category.  Definitions  of  category  headings  such  as  Con¬ 
taminated  Plane  Width  and  Percent  Aperture  are  found  in  Section  IV.  B.  2. 
of  Chapter  3. 
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TOTAL  323  280  1*2  UT  118  82  36  204 

»VE  4.46  5.76  7.01  5.68  10.40  6.07  6.08  1.10  5.65 

S  C  5.54  7.42  9.89  13.61  15.45  8.12  8.10  3.63  8.78 
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IX.  TOTAL  SHELTER  STATISTICS  FOR  ALL  PF  CLASSES 


These  composite  tabulations  include  all  t*F  category  shelters  that  are 
contained  in  the  1541  sample  buildings.  Definitions  of  category  headings 
such  as  Contaminated  Plane  Width  and  Percent  Aperture  are  found  In  Section 
IV.  B.  2.  of  Chapter  3. 
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X.  BUILDING  STATISTICS 


The  15A1  sample  buildings  are  rated  by  PF  according  to  their  PF  class. 
Definitions  of  category  headings  such  as  Contaminated  Plane  Width  and  Log 
Floor  Area  are  found  in  Section  IV.  B,  2.  of  Chapter  3. 
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TOTAL  NUMBER  OF  SUBBASEMENTS  IS 


FRACTION  OF  BTCLmKGS  PER  FF  CLASS 


Appendix  F 


Application  of  Stetietlcal  Sampling  Procedures 
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Appendix  F 


Application  of  Statistical  Sampling  Procedures 
to  Estimate  Probable  Error  of  NFSS  Findings 

I.  INTRODUCTION 

The  Research  Triangle  Institute  estimated  the  probable  error  of  the  NFSS 
findings  by  surveying  a  statistical  sample  of  33  buildings.  The  procedures 
used,  findings,  and  an  analysis  of  findings  of  the  survey  are  reported  in 
Part  I,  Chapter  A.  This  appendix  gives  the  details  of  the  selection  of  sample 
buildings  surveyed  by  RTI. 

II.  DESCRIPTION  OF  THE  SAMPLE 

A.  Sl2e  of  Sample 

The  time  element  involved  in  conducting  the  field  work  and  data  analysis 
necessarily  restricted  the  size  of  the  sample.  It  was  estimated  that  this 
time  factor  would  make  it  possible  to  survey  no  more  than  60  buildings. 

An  analysis  was  made  of  the  significance  with  which  the  differences  between 
the  NUS-NFSS  Computer  Program  and  the  Engineering  Manual  could  be  estimated. 
Based  on  tire  results  of  this  analysis,  as  presented  in  Section  III,  a  sample 
of  30  buildings  was  considered  adequate  for  detecting  differences  In  estimated 
l’F  ratings  of  10  units. 

The  size  of  the  sample  was  set  at  33  buildings  by  a  systematic  subsamplc 
of  every  other  building  in  an  initial  sample  of  60  with  n  random  starting 
point  chosen  in  each  region.  Buildings  from  regions  with  only  one  sample 
building  initially  were  included  automatically  In  the  subsamplc. 

R.  Selection  of  Sample  Buildings 

1 .  Development  of  a  Sampling  Unlt--thc  Cluster 

The  universe  to  be  sampled  consisted  of  all  buildings  in  the  largest 
forty  cities  which  had  one  or  more  shelters  rated  in  PF  Categories  2,  3 
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or  4  in  Phase  1  of  the  NFSS.  Table  F-I  lists  the  cities  comprising  the 
universe  and  indicates,  by  county,  the  standard  locations  falling  within 
the  boundaries  of  each  city.  A  complete  listing  of  all  buildings  for  which 
Phase  1  FOSDIC  Forms  were  submitted  is  on  magnetic  tape  at  the  National 
Bureau  of  Standards.  Unfortunately,  data  were  not  available  on  the  total 
number  of  buildings  in  the  restricted  universe  having  at  least  one  shelter 
falling  in  the  selected  PF  categories.  In  order  to  obtain  a  probability 
sample  of  these  buildings,  it  was  necessary  to  employ  an  indirect  proce¬ 
dure  which  uti  listed  shelter  information  that  was  available. 

Summaries  by  standard  location  of  the  number  of  shelters  in  PF 
Categories  2,  3, and  4  were  the  data  used.  Each  city  was  assigned  a  number 
of  clusters  of  shelters  by  dividing  the  total  number  of  shelters  in 
Categories  2-4  by  the  average  number  of  shelters  per  building  for  the 
county  in  which  the  city  appeared.  Counties  were  the  smallest  political 
subdivisions  on  which  data  were  available  in  Bummary  form  on  the  total 
number  of  shelters  in  all  PF  categories.  (Table  F-ll,  Column  2,  gives 
the  number  of  clusters  determined  in  each  region.) 

2.  Construction  of  Strata 

Equal  Bizod  strata  in  terms  of  numbers  of  clusters  were  then  constructed 
within  an  OCD  region.  OCD  Regions  4  and  6  were  combined  for  simplification. 
The  number  of  strata  constructed  in  a  region  was  approximately  proportional 
to  the  number  of  clusters  it  contained.  OCD  Regions  3,  5, and  8  were  each 
assigned  one  stratum.  (Table  F-II,  Column  3  for  the  number  of  strata 
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assigned  to  each  region.) 


TABLE  F-I 


Cities  Comprising  the  Res  tv  if  toil  Universe 


OCD 

Region 

Citv 

■Hum 

ESBB9ESHI 

No.  of  Standard 
Locations  in  City 

1 

New  York  City,  N.  Y. 

Queens 

16450001-0680 

2225 

Manhattan 

16440001-0275 

Richmond 

16460001-0085 

Brooklyn 

16420001-0811 

Bronx 

16410001-0374 

Boston,  Mnsfl. 

Suffolk 

13150001-0156 

156 

Buffalo,  N.  Y. 

Eric 

16310001-0072 

72 

Newark,  N.  J. 

Essex 

15410036-0135 

100 

Rochester,  N.  Y. 

Monroe 

16510001-0090 

90 

2 

Washington,  D.  C.— ^ 

22110001-0125 

125 

Cleveland,  Ohio 

Cuyahoga 

25410001-0205 

205 

Pittsburgh,  I’n. 

Alleghany 

26810017-0205 

189 

Cincinnati,  Ohio 

Hamilton 

25310001-0112 

112 

Columbus,  Ohio 

Franklin 

25510001-0097 

97 

Louisville,  Ky. 

Jefferson 

23510001-0112 

112 

Toledo,  Ohio 

Lucas 

25D10001-0072 

72 

Philadelphia,  Pa. 

Ph 1  ladelph i a 

26750001-0370 

370 

Baltimore,  Md.i/ 

24130001-0168 

168 

3 

Atlanta,  (In. 

DeKalb 

33230001-0009 

9 

Fulton 

1 33240001-0100 

100 

Memphis,  Tenn. 

Shelby 

37310001-0102 

102 

Birmingham,  Ala. 

Jefferson 

31110001-0061 

61 

A 

Milwaukee,  Wis. 

Mi Iwaukee 

45510001-0186 

186 

Minneapolis,  Minn. 

Hennepin 

44330001-0127 

127 

Indianapolis,  Ind. 

Marion 

42410001-0146 

146 

St.  Paul,  Minn. 

Romscy 

44340001-0076 

76 

Chicago,  Ill, 

Cook 

41210011-0869 

859 

Detroit,  Mich. 

Wnyne 

43330019-0452 

434 

5 

Houston,  Texas 

Harris 

55B10001-0121 

121 

Dallas,  Texas 

Dallas 

55720001-0174 

174 

Ft.  Worth,  Texas 

Tarrant 

55920001-0000 

80 

New  Orleans,  La. 

Orleans 

52420001-0155 

155 

San  Antonio,  Texas 

Bexar 

551110001-0092 

92 

Oklahoma  City,  Ok  la. 

Ok  lahoma 

54230001-0091 

91 

6 

Kansas  City,  Mo. 

Clay 

64110001-0009 

9 

Jackson 

64120014-0124 

111 

Denver,  Col. 

Denver 

61240001-0097 

97 

St  Louis,  Mo.-k' 

64340001-0128 

128 

7 

Phoenix,  Ariz. 

Maricopa 

71110001-0088 

88 

Long  Beach,  Cal. 

Los  Angeles 

72310079-0145 

67 

Los  Angeles,  Cal. 

Los  Angeles 

72310146-0777 

632 

San  Francisco,  Cal. 

San  Francisco 

72740001-0127 

127 

Oakland,  Cal. 

M  -Trnrcln 

72710043-0141 

99 

San  Diego,  Cal. 

San  Diego 

72610001-0136 

136 

8 

Seattle,  Wash. 

King 

85210001-0118 

118 

Portland,  Ore. 

C lackames 

84210001-0002 

2 

j  Mu  1  tnc'imoh 

84220001-0101 

101 

_l  <  Not  part  of  a  county. 


TABLE  F- II 


Universe  Charac t orla t ics 


Region 

Number  of 

Universe 

Clusters 

Number  of 

Universe 

Strata 

Number  of 
Universe 
Clusters  Per 

S  trntum 

Number  Sample  Clusters 

Sample 
of  60 

Sample 
of  33 

1 

27852 

33 

844 

33 

17 

2 

7425 

9 

825 

9 

5 

3 

655 

1 

655 

1 

1 

4,6 

10272 

12 

856 

12 

6 

5 

1091 

1 

1091 

1 

1 

7 

2151 

3 

717 

3 

2 

8 

838 

1 

838 

1 

i 

TOTAL 

50284 

60 

60 

33 

3.  Cluster  (sampling  unit)  Selection 

One  cluster  (sampling  unit)  wns  selected  for  the  sample  from  ench  strntum 
with  e<|unl  probability  of  selection.  This  wns  achieved  by  drawing  n  random 
number  between  one  and  the  total  number  of  clusters  In  a  stratum.  For  example, 
in  Region  1  each  strntum  had  844  clusters  (Table  F-1I).  The  chance  of  n 
cluster  being  selected  for  the  sample  in  these  strata  was  1/844.  By  accumu¬ 
lating  numbers  of  clusters  by  city  in  a  region  it  wns  possible  to  determine  the 
cities  that  contained  sample  clusters.  Within  a  city,  accumulations  by 
standard  location  revealed  the  standard  locations  in  which  the  sample  clusters 
occurred.  Table  F-I1I  shows  the  selected  sampling  units  by  standard  location, 
city  and  region. 

4 ,  Determination  of  Sample  Buildings 

The  next  step  wns  to  determine  the  sample  buildings  in  the  selected  stan¬ 
dard  locations.  This  was  done  by  checking  detailed  IBM  print-outs  for  these 


TABLE  F-III 


Selected  Sampling  Units  by  Standard  Location,  City  and  Region 


OCD 

Region 

City 

Sample 

Standard 

Location 

Number 

Number  of 
Sample  Units 
Within 

S.  L. 

Sample 

Unit 

Selected 

Cat.2,3,  64 
Indicated 
Shelters 
in  S.L. 

1 

Rochester 

16510005 

85 

58 

226 

Boston 

13150026 

62 

30 

236 

NYC 

Queens 

16450017 

14 

9 

54 

It 

16450538 

5 

4 

20 

Manhattan 

16440028 

61 

28 

390 

II 

16440063 

14 

14 

84 

II 

16440096 

133 

36 

852 

II 

16440126 

29 

17 

190 

II 

16440156 

105 

12 

667 

II 

16440204 

55* 

15 

353 

II 

16440260 

11 

11 

68 

Brooklyn 

16420207 

10 

10 

51 

II 

16420495 

9 

8 

45 

Bronx 

16410046 

75 

73 

280 

II 

16410138 

57 

43 

211 

II 

16410194 

27 

6 

101 

Newark 

15410066 

30 

14 

124 

2 

Philadelphia 

26750017 

142 

65 

602 

D .  C. 

22110005 

40 

22 

181 

II 

22110062 

72 

56 

332 

Cleveland 

25410058 

241 

217 

911 

Louisvi 1 le 

23510029 

20 

4 

45 

3 

Memphis 

37310043  'I 

37310044/ 

6 

6 

22 

5 

Houston 

55B10026 

56 

11 

350 

4,6 

Indianapolis 

42410013') 

42410014  | 

42410015/ 

1 

1 

3 

Chicago 

412100653 

41210066/ 

1 

1 

3 

II 

41210144 

50 

8 

135 

It 

41210490 

325 

197 

889 

11 

41210868T 

41210669/ 

9 

3 

25 

St.  Louis 

64340122 

114 

84 

510 

7 

Los  Angeles 

72310453 

137 

80 

512 

San  Francisco 

i  72  740072') 

72740073/ 

9 

4 

42 

8 

Seat  t le 

85210061 

187 

21 

737 
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standard  locations.  From  the  print-outs  the  number  of  shelters  in  PF  Categories 
2-4  was  accumulated.  With  this  accumulation  it  was  possible  to  determine  the 
location  of  the  sample  cluster.  The  building  containing  the  sample  cluster  was 
taken  as  the  sample  building.  A  knowledge  of  the  number  of  shelters  in  PF 
Categories  2-4  contained  in  the  building  makes  it  possible  to  determine  the 
probability  of  selection  of  any  sample  building.  If  a  cluster  contained  more 
than  one  building,  only  one  was  selected  for  the  sample  with  probability  pro¬ 
portional  to  the  number  of  shelters  it  contained  in  Categories  2-4.  All 
clusters  were  delineated  in  such  a  manner  that  there  was  nlwayB  an  integral 
number  of  clusters  per  building  or  an  integral  number  of  buildings  per  cluster. 

A  knowledge  of  the  probability  of  selection  of  each  sample  building  is 
essential  to  Insure  correct  estimate  and  variance  computations.  Variance  com¬ 
putations  were  made  in  all  cases  using  a  collapsed  stratum  technique. 

C.  F.xnmple  of  Building  Selection 

Tlie  Bnmplc  selection  procedure  will  be  illustrated  in  detail  using  data 
for  Region  3.  Data  for  the  universe  cities  in  Region  3  are  presented  in  Table 
F-IV. 

TABLE  F-IV 
Region  3  Data 


Number  of  Avg.  No. :  all  No,  Clusters  Accumu-  Random 


Cities 

Shelters 

PF  Cat.  2-4 

Shelters  Per 
Building 

Assigned 
(1)  *  (2) 

lated  No. 
Clusters 

Number 

Selected 

(D 

(2) 

(3) 

(4) 

(5) 

Atlanta 

1104 

4. 5144 

245 

245 

Birmingham 

53V 

3.0860 

175 

420 

Memphis 

863 

2506 

3.6771 

-  F-6 

235 

655 

655 

626 

1.  Selection  of  Sample  Cluster  Within  Stratum 


The  655  clusters  In  Region  3  composed  one  stratum.  The  random  number 
selected  between  one  and  655  was  626,  As  seen  in  Table  F-IV,  sample  cluster 
626  is  located  in  Memphis.  In  fact,  it  will  be  number  206  of  the  235  clusters 
in  Memphis.  Standard  Location  totals  for  Memphis  are  Chen  accumulated  as  in 
Table  F-V. 


Standard  Location 
Number 

No.  Shelters  Cumulative 

Categories  2-4  Shelters 

Cumulative 

Clusters 

Clusters 

Assigned 

3731  0001 

3 

3 

1 

1 

2 

3 

6 

2 

1 

3 

5 

11 

» 

3 

1 

42 

364 

735 

200 

99 

43 

22\ 

44 

OJ 

757 

206 

6 

45 

2', 

46 

r  773 

210 

4 

99 

4 

861 

234 

1 

100 

0  i 

1 

101 

1 

> 

102 

U 

|  863 

235 

1 

Notice  that  standard  locations  with  zero  or  few  indicated  Shelters  are  combined 
with  other  standard  locations. 

2.  Delineation  of  Standard  Location  Containing  Sample  Cluster 

It  can  be  seen  from  Table  F-V  that  the  grouping  of  Standard  Locations 
3731  0043--3731  0044  contains  six  clusters  and  the  sample  cluster  number  206 
will  be  the  sixth  cluster  of  the  six. 
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Detailed  IBM  prlnt-outa  were  obtained  for  the  two  standard  locations. 

All  buildings  were  listed  with  the  number  of  shelters  in  Categories  2-4. 

Even  though  Standard  Location  3731  0044  had  2ero  indicated  shelters,  the 
print-out  was  checked  to  see  if  any  changes  had  occurred  since  the  summaries 
had  been  tabulated.  In  this  case,  no  changes  had  occurred. 

3 .  Delineation  of  Building  to  Be  Surveyed 

The  total  number  of  Category  2-4  shelters  was  22.  Since  there  were  to 
be  six  clusters  in  the  group  of  standard  locations  this  meant  an  overage  of 
3.667  shelters  per  cluster.  Table  F-VI  presents  the  standard  location  infor¬ 
mation.  Cluster  numbers  can  be  obtained  by  dividing  the  accumulated  number 
of  shelters  for  each  building  by  the  factor  3.667  and  determining  how  many 
clusters  have  occurred  to  that  point. 

Ab  seen  in  Table  F-Vl  the  sample  building  is  the  sixteenth  building  in 
Standard  Location  Number  43.  In  this  case,  the  sample  cluster  coincided 
exactly  with  the  sample  building  so  that  the  probability  of  selection  of 
the  sample  building  is  the  same  as  the  probability  oi  selection  of  the 
sample  cluster,  c.g.  1/655. 

Table  F-VII  presents  the  sample  citicB  with  the  numbers  of  sample 
buildings  per  city.  A  listing  of  the  sample  buildings  selected  is  in 
Table  III  of  Part  I,  Chapter  4. 

Ill.  CONFIDENCE  STATEMENT 

Prior  to  receipt  of  survey  findings,  no  clcorcut  conclusions  could  be  drawn 
concerning  confidence  statements  for  differences  that  would  result. 

However,  some  general  guidelines  were  constructed  based  upon  certain  assumptions 
as  to  the  variability  likely  to  be  encountered  in  the  data. 
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TABLE  F-VI 


Number  of  Shelters  by  Building  in  Memphis.  Term. ■  Sample 
S tandard  Locations 


Standard 

Location 

Number 

Bui lding 

Number 

No.  of  PF 

Category  2-4 
Shelters 

Cluster 

Numbers 

43 

1 

2 

6 

3 

1  1 

» 

1,2 

4 

0  , 

5 

i 

6 

7 

1> 

i 

8 

lWHH 

l 

3 

9 

i 

10 

1 

11 

l*' 

) 

12 

2 

4 

13 

1 ) 

1 

14 

0 

15 

1 

5 

16 

5 

6 

17 

0 

18 

0 

44 

19 

0 

20 

0 

i 


TABLE  F-VII 


Number  of  Sample  Buildings  Per  Sample  City 


Region 

Number  of  Sample 

Buildings 

Sample  Cities 

Sample  of  60 

Sample  of  33 

1 

Rochester 

1 

1 

Bob  ton 

3 

1 

New  York 

28 

14 

Queens 

3 

2 

Manhattan 

14 

7 

Brooklyn 

5 

2 

Bronx 

6 

3 

Newark 

1 

1 

TOTAL 

33 

17 

2 

Philadelphia 

2 

1 

D.  C. 

3 

2 

Pittsburgh 

l 

-- 

Cleveland 

1 

1 

Toledo 

1 

•  * 

Louisville 

1 

1 

TOTAL 

9 

5 

3 

Memphis 

1  JL 

1  1 

5 

Houston 

l  1 

1  1 

4,6 

Indianapolis 

1 

1 

Detroit 

1 

-- 

Chicago 

7 

4 

Minneapolis 

1 

— 

St.  Louis 

1 

1 

Kansas  City 

1 

— 

TOTAL 

12 

6 

7 

Los  Angeles 

1 

1 

San  Francisco 

2 

1 

TOTAL 

3 

2 

8 

Seattle 

1  X 

1  1 

GRAND  TOTAL 

60 

33, 

TOTAL  CITIES 

21 

16 

— 

— 
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For  example: 

Let  x^  =  PF  rating  computed  in  Phase  l 

Let  y^  *»  PF  rating  computed  in  RTI  survey  using  NBS  Method 
then  d  ■  -  x^  is  the  difference  observed. 

An  assumed  standard  deviation  of  differences  of  15  units  would  imply  that  a 
range  of  ninety  units  would  include  virtually  all  differences  observed  if  the 
survey  were  to  Include  all  buildings  in  the  universe  rather  than  a  sample  of 
them.  Figure  F-l  presents  probabilities  of  detecting  differences  up  to  ten 
units  for  samples  of  size  33.  If  the  true  standard  deviation  is  less  than 
15,  the  curve  would  be  to  the  left  of  the  one  shown  and  if  it  is  greater  than 
15  Che  curve  would  be  to  the  right. 

The  graph  indicates  that  a  true  average  difference  of  five  units  would  have  a 
50  percent  chance  of  being  detected  while  an  average  difference  greater  thnn 
ten  units  would  almost  certainly  be  detected. 
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FIGURE  F-l 

Probability  of  Detecting  True  Differences  of 
0  to  10  for  Sample  Size  of  33  Under  the  Assumption 
That  The  Standard  Deviation  of  Differences  la  15 


Appendix  G 


Sensitivity  Analysis  of 
Building  Protection  Factors 


Thie  Appendix  was  originally 
submitted  to  OCD  nB  Research 
Memorandum  RM  81-2,*  except 
for  minor  editorial  changes. 


*  Edward  L.  Hill  and  Russell  0.  Lyday,  Jr.  Sensitivity  Analysis  of  Building 
Protection  Factors.  Research  Memorandum  RM  81-2.  Durhan,  North  Carolina: 
Operations  Research  Division,  Research  Triangle  Institute,  21  September  1962. 


Appendix  G 

Sensitivity  Analysis  of  Building  Protection  Factors 
I.  INTRODUCTION 

One  of  the  fastis  of  OCD  Project  1115A  was  to  estimate  probable  error,  or  reli¬ 
ability,  of  the  National  Fallout  Shelter  Survey  findings.  There  were  a  number  of 
potential  sources  of  error  In  the  NBS  method  of  computing  Protection  Factors 
(PF's)  (References  1  and  2)  and  insufficient  contract  time  to  study  all  of  them. 
To  accomplish  this  task,  it  was  deemed  necessary  to  identify  those  sources  of 
error  likely  to  cause  the  largest  variations  in  the  calculated  Protection  Factor. 
This  appendix  describes  a  method  used  by  RTI  to  identify  building  parameters 
most  sensitive  to  change.  The  findings  of  tills  analysis  were  used  to  develop 
the  list  of  data  required  to  supplement  NFSS  Phase  1  and  Phase  2  data  for  the 
RTI  sample  (see  Part  I,  Chapter  4,  Section  III.  A.). 

II.  PROCEDURE'S  AND  RESULTS 

Input  data  wove  varied  for  a  typical  building,  one  element  at  n  time,  to 
determine  resulting  changes  in  PF.  A  data  sheet  containing  all  Inputs  necessary 
for  the  NBS  PF  computation  was  prepared  for  a  typical  building;  then,  data  sheets 
were  prepared  which  changed  values  assigned  to  the  roof,  wnllB,  and  partitions. 
Protection  Factors  for  these  buildings  were  computed  using  a  computer  program 
(Reference  3)  developed  at  the  University  of  North  Carolina  under  a  previous 
OCD  contract.  Original  building  parameters  aad  tabulated  results  are  found 
in  Table  G-I. 
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TABLE  G-I 


Original  Building  Parameters 


Number  of  Stories 
Height  of  Building 
Height  of  Basement 
Length  of  Exterior  Walls 
Basement  Exposure 
Proportion  of  Apertures 
Sill  Height 
Contaminated  Planes 
Mass  Thicknesses 
Hoof 
Floors 

Walls  (all  floors) 
Partitions  (all  floors) 


4 

48  ft. 

8  ft. 

100  ft.  all  sides 
0  all  sideB 
25%  all  sides-all  floors 
3  ft. 

200  ft,  «t  0  lit. -all  sides 

10# 

40# 

120#  all  Bides 
20#  all  sides 


U. 


Building  Analysis 


PROTECTION  fc ACTOR 


Floor  No.  0 

1 

2 

3 

4 

1. 

basic  Building 

2B6 

58 

38 

15 

4 

2. 

Add  30#  -  Roof 

408 

69 

59 

29 

9 

3. 

Add  10#  -  Partitions 

328 

80 

50 

19 

5 

4. 

Add  20#  -  Partitions 

382 

85 

56 

20 

5 

5. 

Add  20#  •  Walls 

296 

65 

40 

16 

4 
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III.  CONCLUSIONS 


This  analysis,  as  well  as  comparison  of  the  NBS  Computer  Program  with  more 
advanced  methods  of  calculating  PF's  such  as  the  Engineering  Manual,  indicated 
that  the  following  elements  of  the  PF  calculation  procedure  were  likely  to  cause 
the  largest  variations  in  the  PF: 

A.  Interior  Partitions 

B.  Basement  Exposure 

C.  Apertures 

D.  Shape  Factor 
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Appendix  H 


Engineering  Manual  Ground  Contribution  Computational  Details 

I.  INTRODUCTION 


Building  structural  data  from  building  plans,  or  from  the  data  collection 
form  (TAB  1),  were  used  as  basic  inputs  in  the  Engineering  Manual  (Reference  1) 
computations  for  the  RTI  sample  of  33  buildings  (see  Part  I,  Chapter  4).  Compu¬ 
tational  forms  outlining  the  details  of  the  Engineering  Manual  procedure  were 
developed  so  that  personnel  not  familiar  with  the  Engineering  Manual  could  com¬ 
pute  a  building  PF  after  the  basic  data  inputs  wure  made.  This  appendix  con¬ 
tains  Engineering  Manual  functional  equations  used  to  develop  the  computational 
forms,  samples  of  the  forms  used,  and  detailed  instructions  for  thoir  ubo. 


II.  STORIES  ABOVE  GRADE 


For  stories  with  the  detector  located  above  all  contaminated  planes,  the 
total  contribution  is  divided  into  three  parts.  These  parts  arc  Adjacent,  Through 
Floor,  and  Through  Ceiling, 

A.  Adjacent  Contribution 

1 .  Functional  Equations 

The  Adjacent  contribution  is  defined  as  that  radiation  reaching 
the  detector  through  the  walls  and  apertures  of  the  floor  being 
calculated.  Tills  contribution  is  divided  into  four  parts  which 
have  the  following  functional  equations. 

a.  Direct  Contribution  with  Sill  at  or  Above  Detector  Level 


360  WV  Bw(Xi’3’>  V^d’V 


ill 

360 


(5) 


(6) 


(25) 


(9) 
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b.  Direct  Contribution  Through  Apertures 


A' 

za 


3f§Bw(Xl.3,)  Gd(Wia.H,)  Bw(X^,HA) 
(6)  (71)  (7) 


(72) 

360 


*  S#Cd<W*'H4>  W>  ^-Sw(Xe>]  VXe*V 


1221 

360 


(71) 


(6) 


(9) 


(5) 


c.  Scatter  Contribution 

A  B  (0)  ,X  ) 

its  VW  W>  »“Ve.;;y  lV"e> +  W>1  W  «<•> 


Ill 

360 


(5) 


(6) 


(51)/  (5) 


(39) 


(41) 


(0) 


(52) 


B  (X  ,  3')  B  (0)  ,X  )  G  (CJ  )  S  (X  )  E(e) 
360  w  i  W8  s’  e'  a'  as  w'  e 

(ill 

360 


(6) 


(51) 


(33d)  (8)  (52) 


d.  Skvslilnc  Contribution 

Az  B  (X  ,11.)  B  (X .  ,  3  1 )  [l-S  (X  )]  [G  (O)  )  -  P  G  (CJ  )] 
^0*  w'  o’  4'  w  i  L  v  e'J  L  o'  ir  za  a  aJ 


in 

360 


(5) 


(6) 


(9) 


(18)  (12)  (31) 


A 

+  B  (X,  ,3')  G  (O)  )  B  (X  -0,11.) 
3f>0  w  i  *  a  w  c  4 


mi 

360 


(6)  (31) 


(7) 


The  numbers  in  parentheses  refer  to  column  numbers  of  the 

computational  form  (Figure  11* '  ) .  The  symbols  in  the  functional 

equations  are  defined  in  lable  5  of  the  Engineering  Manual, 

except  for  the  following: 
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(11)  "A  ■  degrees  of  aperture  in  the  sector  for  scatter 

Z  d 

radiation 

(72)  -  A  1  ■  degreeit  of  aperture  in  the  sector  for  direct 

2  3 

radiation 

(7)  -  Bw(Xe«0,H^)  ■  height  correction  factor  for  height 

(12)  -  P  ■  perimeter  ratio  of  apertures  in  the  wall  sector 

23 

2.  Adjacent  Instructions 

RT1  produced  a  special  form  which  was  used  to  compute  the  adjacent 
contribution  in  a  step  by  step  procedure  which  could  be  accomplished 
by  personnel  not  familiar  with  Engineering  Manual  details  once  the 
initial  entries  were  marked.  Figure  11*1  shows  the  Adjacent  Form  with  its 
headings.  A  special  set  of  instructions  was  needed  to  enter  the 
necessary  initial  data  and  to  mark  out  sections  not  used  In  the  par¬ 
ticular  sector  being  computed.  The  detailed  instructions  for  completion 
of  the  form  arc  as  fol lows, with  numbers  in  parentheses  indicating 
form  column  headings: 

s.  For  contaminated  planes  2,  3,  ...  In  a  sector,  set  (54)  ■ 

(60)  -  0  end  blank  out  (14),  (15),  (16),  (17),  (10),  (26), 

(27),  (20),  (29),  (31),  and  (53).  This  prevents  skyshinc  from 
being  computed  more  than  once. 

b.  When  (3)  ■  0,  set  (6)  ■  1. 

c.  If  (11)  "  0,  set  (53)  ■  (63)  •  (73)  ■  (73a)  -  0  and  blank 
out  (12),  (26)  -  (33d),  (60)  ,  (61)  ,  (62), and  (65) -(72). 

d.  If  floor  slab  extends  to  exterior  wall  set  (34)  ■  3'. 

If  it  doesn't,  calculate  (34)  as  in  Figure  H-2. 
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e.  Calculate1  the  wall  crossing  Z's  for  direct,  skyshlne,  and 
scatter  (If  necessary).  These  Z's  define  the  location  and 
width  of  tile  contaminated  planes  in  terms  of  where  a  direct 
line  from  their  cdj;es  to  the  detector  would  intersect  the 
exterior  wall. 

f.  Assign  a  code  number  for  direct  >Mj2’Md3’  0r  Hd4^ ’ 

sill  level  (Sa.Sboo,Sbl,Sb2,S1)3,Sb4,Sc,  or  SJ ,  wall  scatter 

(Msl*Ms2>Ms3’Ms4>’  ond  6k>'shi,U!  (Muoo*Ma,MarMa2>Ma3)  (aec 
TAB  2  for  details), 

g.  If  code  Is  So>Sbj,  or  S^,  blank  out  (65)  -  (72)  and  sec  (73)  » 
(73a)  -  0. 

h.  Enter  data  in:  (dimensions  In  feet  and  weight  in  psf) 

(1)  *>  degrees  of  the  sector 

(2)  «  exterior  wall  v eight  (X  ) 

(3)  ■  interior  wall  weight  (X^) 

(4)  ■  detector  height  above  plane  of  contamination 

(11)  «  degrees  of  aperture  in  sector 

(13)  “  width  and  length  of  building  (exterior; 
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B. 


(14)  »  distance  to  ceiling  and  distance  up  to  height  of 
mutual  shielding  (two  entries  if  necessary) 

(19)  ■  radius  out  to  wall  at  midpoint  of  sector 

(20)  «  height  from  detector  to  wall  crossing  (direct) 

(26)  -  window  height  (heights) 

(32)  -  height  of  aperture  struck  by  skyahine 
(34)  ■  height  of  detector  above  floor  at  exterior  wall 
(usually  3') 

(40)  ■  wall  height 

(43)  ■  height  of  midwall  to  plane  of  contamination 

(44)  »  widtli  of  contaminated  plane 

(45)  ■  building  side  length  adjacent  to  contaminated  plane 

(65)  -  (19) 

(66)  -  lower  limits  of  aperture  (sill  below  detector) 

(72)  -  degrees  of  aperture  ’trough  which  direct  passes 

After  these  codes,  modification,  and  entries  ore  completed,  the 
form  is  ready  to  be  completed. 

The  entries  in  column  (74)  are  the  results  of  the  various  sectors 
and  planes.  Hie  adjacent  reduction  factor  Is  the  sum  of  column  (74) 
divided  by  360  degrees. 

Through  Celling  Contribution 
1 ,  Functional  Equations 


sto  B„ (Xi  ’ 3 ' > K (x;)  [BVS  •  Xe)AGs  (W- > Sw (Xe) E (e)  [l-Ap(j] 

(6)  (7a)  (51)  (41)  (8)  (52)  (4d) 


Hi 

360 


+  B  (X  ,H  )AG  (00’)  [l-S  (X  )l[l-A  1  +  B  (X  «0,H.)  A  (CU')1 

w  e  u  1  a  u  L  w  e'-*  L  paJ  w  e  4  pa  u  a  u'J 

(5)  (10)  (9)  <4g)  (7)  (4f )  (18) 


(9)  (4g) 
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where : 


f.  If  (3k)  ■  0  (No  skyshine  through  apertures),  set  (55)  »  (4f)  »  0 
and  blank  out  (31),  (3j),  (4),  and  (7). 

g.  If  (3h)  ■  0,  set  (4c)  ■  0  and  blank  out  (3f)  and  (3g) . 

h.  Assign  code  In  (13a)  for  mutual  shielding  of  skyshine.  Put  no 
if  no  mutual  shielding,  yes  if  partially  shielded  or  comp  if 
completely  shielded. 

1.  If  (13a)  is  comp,  (complete  shielding  of  skyshine)  set  (55)  ■ 
(56)  -  0,  and  blank  out  (3i),  (3j),  (3k),  (4f),  (4g) ,  (7),  (9), 

(13),  (14),  (15),  (16),  (17),  and  (18). 
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J.  Assign  code  in  (39a)  for  wall  scatter  mutual  shielding.  Put  n£ 
if  entire  upper  wall  is  seen  by  direct  rays  from  plane  (no 
shielding).  Put  yes  if  part  of  upper  wall  is  not  seen  by  direct 
rays  from  a  plane.  Put  comp  if  the  wall  is  not  struck  by 
direct  rays. 

k.  If  (39a)  is  comp .  set  (57)  »  0  and  blank  out  (3f ) ,  (3g) ,  (3h), 
(4c),  (4d) ,  (40),  (40a),  (40b),  (40c),  (40d) ,  (41),  (43),  (44),  (45), 
(46) ,  (47),  (48),  (49),  (50),  (50a),  (51),  and  (52). 

l.  If  (4)  -  3',  set  (7)  -  1.0. 

m.  Enter  data  in:  (dimensions  In  feet  and  weight  in  psf) 

(1)  ■  degrees  in  the  sector 

(2)  -  exterior  wall  weight  (Xe) 

(3)  ■  interior  wall  weight  (X^) 

(3a)  ■  celling  weight  (X^)  »  floor  above 

(3b)  ■  length  of  wall  in  sector 

(3f)  •  vertical  distance  of  wall  seen  by  scatter 

(3h)  -  area  of  aperture  in  A  (A.  ) 

8  AS 

(3i)  ■  vertical  distance  of  wall  seen  by  skyshlne 

(3k)  -  area  of  aperture  in  Afl  (Afla) 

(4)  »  height  of  detector  above  plane  of  contamination 

(4h)  ■  height  of  midwall  (upper  story)  to  the  plane  of 

contamination 

(13)  -  building  size  V  x  L  (exterior) 

(13a)  “  code  for  skyshine  mutual  shielding 
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i 


I 


I 


i 

i 


i 

i 


(14)  ■  Z^'s  for  skyshine 

(39a)  ■  code  for  wall  scatter  shielding 

(40)  »  Zu's  for  wall  scatter 

(40a)  -  (13) 

(43)  =  (4h) 

(44)  °  width  of  plane  of  contamination 

(45)  ■  building  side  length  adjacent  to  plane  of  contamination 
The  sum  of  column  (74)  divided  by  360  degrees  is  the  reduction  factor. 

C.  Through  Floor  Contribution 
1.  Functional  Equations 

The  functional  equations  are: 

MOW3'*  W  [vw  D-WD  C‘-V] 

^  (6)  (7a)  (5)  (25)  (9)  (4b) 


+  B„s<Ws‘V  AG8(U)x>  Sw(Xe)  E(c)  [1-Ap#] 
(51)  (39)  (8)  (52)  (4d) 

+  Cd(aWV  Bw(V°-H4>  Apd] 

(25)  (7)  (4a) 

where  : 


(4a) 


Ap(J  =  aperture  fraction  through  which  direct  contribution  passes 


(4c)  ■  Aps  ■  aperture  fraction  through  which  scatter  contribution  would  pass 

2 .  Through  Floor  Instructions 

The  Through  Floor  Form  is  shown  with  its  headings  in  Figure  11-4. 

The  Z's  as  calculated  in  the  Adjacent  computation  are  also  used  in 
this  calculation,  The  special  set  of  instructions  are: 
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a.  If  no  direct  radiation,  set  (56)  ■  (63)  ■  0,  and  blank  out 
(3c),  (3d),  (3e) ,  (4),  (4a),  (4b),  (7),  (9),  (19),  (20),  (21), 
(22),  (23),  (24),  and  (25).  Also  blank  out  (5)  If  "ot  m  infinite 
field. 

b.  If  no  apertures  are  penetrated  by  direct  radiation  in  reaching 
the  detector,  set  (63)  -  (4a)  »  0,  and  blank  out  (3c),  (3d), 

(3e),  and  (7). 

c.  If  no  apertures  at  all,  set  (63)  *  (4a)  ■  (4c)  *  0  and  blank 
out  (3b),  (3c),  (3d),  (3e) ,  (3£),  (3g) ,  (3h) ,  and  (7). 

d.  If  (3a)  -  0,  sec  (7a)  -  1 . 

e.  If  (3)  ■  0,  set  (6)  ■  1. 

f.  If  plane  of  contamination  Is  infinite,  Bet  (51)  ■  (5)  and  blank 
out  (43)  -  (50). 

g.  For  finite  planes,  sec  "Adjacent"  Instructions  for  Wfl(44)  and 
B  (51). 

WB 

h.  If  the  wall  receives  no  scatter,  set  (51)  ■  (52)  -  0,  and  blonk 
out  (34)  -  (50o) . 

i.  Enter  data  In:  (dimensions  in  feet  and  weight  In  psf) 

(1)  ■  degrees  in  sector 

(2)  ■  exterior  wall  weight  (Xg) 

(3)  »  interior  wall  weight  (X^ 

(3a)  ■  weight  of  floor  (X^) 

(3b)  -  length  of  wall  in  sector 

(3c)  ■  height  of  wall  through  which  direct  passes 

(3e)  "  area  of  aperture  in  direct 

(3f)  -  height  of  wall  seen  by  scatter 
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(3h) 

area  of  aperture  in  A  (A  > 

(4) 

height  of  detector  above  plane  of  contamination 

(4e) 

height  of  midwall  above  plane  of  contamination 

(19) 

radius  out  to  wall  at  midpoint  of  sector 

(20) 

Z^  'a  for  direct 

(34) 

Z £  's  for  scatter 

(35) 

width  x  length 

(43) 

(4e) 

(44) 

a 

plane  width 

(45) 

■ 

length  of  building  on  side  adjacent  to  piano 

The  reduction  factor  from  the  floor  below  is  the  total  of  column  (74) 
divided  by  360  degrees,  It  should  bo  noted  that  when  the  detector  is 
located  on  a  first  floor  and  there  is  no  exposed  basement,  this  con- 
trlbutlon  does  not  exist, 

III.  BASEMENT  CONTRIBUTION 


A.  Functional  Equations 

The  basement  computation  is  similar  to  the  above-ground  computation.  If 
the  basement  has  an  areaway  or  some  other  plane  lower  than  the  detector,  the 
sectors  affected  are  calculated  with  the  Adjacent  Form;  otherwise,  the  following 
special  instructions  arc  used: 

l.  If  basement  is  not  exposed,  use  two  forms:  (a)  the  Through  Celling 
Form  for  radiation  from  2nd  story  and  (b)  the  Basement  Form  (Figure 
H-5)  for  the  radiation  from  1st  story. 
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For  (a),  use  previous  Through  Celling  Form  with  (4)  =  3',  (3a)  = 
sum  of  the  first  and  second  floor  weights,  and  (7)  =  1,0. 

2.  If  basement  Is  partially  exposed,  two  forms  arc  needed:  (a) 
Through  Celling  and  (b)  modified  Basement .  For  (a),  use  the 
previous  Through  Celling  Form  with  the  following  Interpretation: 
set  (4)  *  3*  and  (7)  “  1,0. 

For  the  modified  Basement  Form,  use  the  Basement  Form  with  the 
following  changes: 

Set  (3a)  ■  0,  (4!i)  «*  3,  and  (7a)  “  1,0. 

Thus  the  only  new  form  Is  the  Basemcul  Form.  This  form  Is  similar  to 
the  others  and  uses  the  following  functional  equations; 


360  W3'>  W 


[l>Sw 


M  VVVtA^u^zaAW^ 


^  (6)  (7o>  (9)  (5)  (18)  (12)  (31) 

•i  p  Ac  (to  )  +  u  (a;  ,x  )S  (x  )E(C)  [Ac  (cj  )-r  Ag  (oj  3 1  • 

za  a'wo  ws  s  e  w'  c  L  s  u  za  s'  as^J 

(12)  (31)  (51)  (8)  (52)  (41)  (12)  (33d). 


B.  Basement  Form  Instructions 

The  Basement  Form  is  shown  in  Figure  11*5.  The  Z's  are  calculated  as  In 
the  other  forms  for  blocking  of  skyshinc.  Th_  Instructions  and  comments  on 
filling  out  the  form  are: 

1.  Fill  in  blanks  (l),  (2),  (3),  (3a),  (4h),  (11),  (13),  (14),  (26), 
(32),  (40),  (43),  (44),  and  (45). 

2.  Leave  3  lines  for  each  plane  1,  2,  3,  ... 

3.  For  planes  2,3,..  .  in  a  sector,  set  (53)  *  (56)  *=  0  and  blank 
out  (9),  (13a),  (14),  (15),  (16),  (17),  (18),  (25a),  (26),  (26a), 
(27),  (28),  (29),  (31),  and  (54). 

4.  When  (3)  *•  0,  set  (6)  *  1.0. 
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5.  If  (11)  =  0,  set  (53)  =  (5ba)  -  0  and  blank  out  (12),  (25a), 

(26),  (26a),  (27),  (28),  (29),  (31),  (31a),  (32),  (33),  (33a), 
(33b),  (33c),  and  (33d). 

6.  Comments  on  columns: 

(3a)  =  sum  of  the  thicknesses  (celling)  through  which  the 

radiation  passes  In  going  from  1st  floor  level  to  detector 
(4h)  =  height  from  midwall  of  1st  floor  to  average  terrain  level 

(13)  ■  outside  W  and  L  lor  2'  and  2  calculation 

u  u 

(13a)  =  no  if  no  mutual  shielding  ol  Bkyahlnc  through  wall 
yes  if  pail  tally  shielded 
comp  if  akyshine  Is  completely  blocked 
If  (13a)  is  completely  shielded,  set  (53)  =  (56)  »  0  and  blank 
out  (9),  (14),  (15),  (16),  (17),  (18),  (25a),  (26),  (26a),  (27), 
(28),  (29),  (31),  and  (54). 

(14)  »  distance  from  detector  to  celling  of  floor  above  (2^)  and 

distance  from  detector  lo  grade  level  or  to  wall 
crossing  at  outside  of  building  (Z^) 

(25a)  =  no  11  the  skyshlnc  through  the  apertures  Is  not  blocked 
yea  it  the  skyshine  through  the  apet lures  is  partially 
blocked 

comp  if  the  skyshine  through  the  apertures  is  completely 
b locked 

If  (25a)  Is  completely  shielded,  set  (53)  =  0  and  blank  out 
(26),  (26a),  (27),  (28),  (29),  and  (31). 

(26)  =  distance  from  detector  to  upper  sill  level  of  1st  floor 

window  (Z'>  and  distance  from  detector  to  either  the  lower 
a 

sill  level  or  the  wall  crossing  (2^) 
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(31a)  »  no  If  entire  window  is  seen  by  radiation  from  contaminated 
plane  (window  not  blocked) 

yes  if  the  direct  radiation  from  the  plane  cannot  strike 
the  entire  window  (partially  blocked) 
comp  if  the  direct  radiation  from  the  plane  does  not 
strike  the  aperture  (completely  blocked) 

If  (31a)  is  comp .  set  (56a)  -  0  and  blank  out  (32),  (33),  (33a), 
(33b),  (33c),  and  (33d). 

(32)  «  distance  from  detector  to  upper  sill  level  (Z'  )  and  distance 

Q  8 

from  detector  to  lower  sill  level  or  to  wall  crossing  (Z  ) 

fifi 

(39a)  ■  no  if  entire  first  floor  wall  1b  hit  by  radiation  from 
the  plane 

yes  if  only  part  of  the  wall  Is  hit  by  radiation  from  the 
plane 

comp  if  the  wall  is  not  hit  by  radiation  from  the  plane 
If  (39a)  is  comp,  set  (57)  -  0  and  blank  out  (60),  (60a),  (60b), 
(60c),  (60d) ,  (61),  (62a),  (63),  (66),  (65),  (66),  (67),  (68), 

(69),  (50),  (50a),  (51),  (52),  and  (56b). 

(60)  *  distance  from  detector  to  ceiling  (Z^)  and  distance  from 
detector  to  top  of  1st  floor  or  to  wall  crossing  (Zu) 

(62a)  Assign  code  for  wall  scatter  (infinite  field  (Mg) ,  adjacent 

limited  plane  (M  ^),  finite  detached  plane  (Mg ,  or 

detached  Infinite  plane  (M  ,)). 

si 

If  (62a)  is  M  ,  let  (51)  -  B  (X  ,Z  )  f  rom  EM  Chart  2flf  Z  -11  In 
'  s  w  e  w  Lwu 

(6h),  Bw(Xe,Zw)  will  be  same  as  (5) "]  and  blank  out  (66),  (65), 

(66),  (67),  (68),  (69),  (50),  and  (50a). 
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If  (42a)  Is  M  ,,  use  W  In  (44)  and  B  in  (51). 

'  si  s  ws  '  ' 

If  (42a)  Is  Ma2>  use  two  Wg‘8  in  (44)  and  Abwb  ln  (51). 

If  (42a)  Is  M  use  one  W*  in  (44),  Bet  W  °  OJ,  with 

8  J  8  8 

its  B  ln  (51)  equal  to  B  (X  ,Z  )  and  calculate  (51) 
ws  '  '  ’  wv  c  w  '  ' 

■  B  (X  ,2  )  -  B  (Ccl’.x  ). 
w'  c  w  ws^wa  e 

(43)  ■  distance  from  the  plane  to  the  mid-point  of  the  region 
of  the  first  floor  wall  that  is  hit  by  radiation.  For 
adjacent  planes,  it  will  usually  be  equal  to  Hu  ln  (4h). 
For  elevated  planes,  it  will  not  be. 


REFERENCE 

1.  Office  of  Civil  Defense.  Design  and  Review  of  Structures  for  Protection 
From  Fallout  Comma  Radiation . (Engineering  Manual).  Rev.  ed. ;  Washington: 
Office  of  Civil  Defense,  Department  of  Defense,  1  October  1961. 


H- 18 


TAB  1 


RESEARCH  TRIANGLE  INSTITUTE,  Durham,  N.  C. 
Fallout  Shelter  Data  Collection  Form 


7.  Number  of  Stories 

Side  A 

1.  Fac. 

3 ,  Nami 

4.  Add] 

No.  2. Part  of 

8.  Height  -  Total  Bldg, 

3  of  Bldg. 

•  Sub-Basement 

tress 

-  Basement 

-  1st  Story 

-  Upper  Stories  (avg) 

9.  Length  -  Exterior  Wall 

Side  B 

Diet, Center  from  I 

Side  A 

Side  B 

5.CT 

10.  Shelter  Size  &  Loc. 

6.SL 

Side  C 

Side  D  ! 

11.  Basement  Exposure 

12.  Areawavs  -  Length 

_ _ '  «Mth 

Material  &  Thickness 

13.  Roof 

WeiRht  in  PSF 

14.  Floors 

• 

. 

Side  A 

Side  B 

Side  C 

15.  Walls 

HHHUI 

mmm 

mm 

■ 

■ 

■ 

■ 

• 

• 

■ 

■ 

nma 

(roof) 

17.  Partitions 

(wall) 

«■■■ 

HOT 

BHBB 

mmmm 

HOT 

mm 

■ 

-  -  -  -  -  -  -  - 

1== 

L - J 

Apertures 

Areauav 

Side  A  i 

Side  B  I 

Side  C  1 

ll  Side  D  ] 

3731 

n 

Ml 

m 

335*1 

TH1 

m 

firm 

El 

TTfi 

in 

nrn 

H 

3HB 

■H' 

m 

■ 

mm 

mi 

fat 

m 

IB 

mm 

warn 

HI 

IHI 

bb 

mi 

mm 

— m 

__ 

■H 

.  . 

m 

KTFT9DHHII 

Side  B 

Side 

c 

Side  D  S 

iTTrrnn 

Height  1 

1  Width 

BSFT51 

Width 

Height 

Width 

Height 

Contaminated  1. 

IMH 

mm 

mm 

wmm 

Planes  2.  j 

■  ■ 

■ 

m 

a  h 

a 

im 

3. 

im 

H  H 

H 

h 

20.  Setbacks  1. 

2. 

3. 
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TAB  2 


Direct.  Sill  Level.  Wall  Scatter,  and  Skvahlne  Cades 


This  TAB  describes  Che  codes  and  program  remarks  necessary  to  complete  the  Adjacent 
Form. 

Code  Remarks  Program  Remarks 


DIRECT 


M 


dOO 


M 


dl 


M 


d2 


M 


d3 


M. 


d  4 


Infinite  plane  for  direct 


No  direct  contribution  through 
adjacent  wall 

Some  direct  contribution  -floor 
shadow  determines  Inner 
boundary 

Some  direct  contribution  - 
both  edges  of  plane  determine 
boundary 

Some  direct  contribution  - 
inner  edge  of  plane  determines 
boundary  -  other  end  infinite 


Uae  only  Z£  In  (20)  and 
Gd  (Cc)j!d’H)  ln  (25) 

Set  (25)  ■  0  and  blank  out 

(19)  -  (24) 

Calculate  ZJ  for  (20)  and 
therefore,  (25)  • 

Calculate  Z ^  and  2g  for 

(20)  and  therefore, (25)  ■ 

Ag, 

Use  only  Zg  in  (20)  and  one 
Gd  in  (25) 


DIRECT  THROUGH  APERTURES 


S.  _ 

b  o O 


b2 


Lower  sill  level  at  detector 
level 

Lower  sill  level  above 
detector  level 

Lower  sill  level  below 
detector  level  but  with  no 
direct  through  the  aperture 

Lower  sill  level  below 
detector  level  and  infinite 
plane  of  contamination 

Some  direct  through  aperture, 
Z's  determined  by  outer  edge 
of  plane  and  edge  of  aperture 


Set 

(73) 

«(73a)«0 

and 

blank 

out 

(65) 

*  (72) 

Set 

(73) 

-(73a)-0 

and 

blank 

out 

(65) 

•  (72) 

Set 

(73) 

-(73a)-0 

and 

bl  ank 

out 

(65) 

-  (72) 

Use 

one 

Z  ln  (66) 

and 

one 

Gd  in  (71) 

Use 

2/a 

and 

in  (66) 

and 

therefore,  (71)  » 

A°d 
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TAB  2  (continued) 


Remarks 

Some  direct  through  aperture, 
Z's  determined  by  edges  of 
plane 


Some  direct  Z's  determined  by 
inner  edge  of  plane  while  other 
edge  is  infinite 

All  of  window  below  detector 


Program  Remarks 

Use  Z^a  and  Z^a  in  (66) 
and  therefore,  (71)  c 


Use  one  in  (66)  and 
one  in  (71) 


Use  two  ZJa'a  in  (66)  and 
therefore,  (71)  »  AGd> 
also,  determine  's  by 

limiting  considerations 
of  window  sill  or  edge  of 
plane,  whichever  la  most 
restrictive.  If  no  direct, 
act  (73)“(73a)“0  and  blank 
out  (65)  -  (72) 


WALL  SCATTER  -  SOLID  WALL 


Infinite  plane  -  complete 
wall  scatter 

Wall  scatter  from  finite 
plane  extending  from  building 
outward 


Set  (51)  »  (5)  and  blank 
out  (A3)  -  (50) 


Need  Zw»(43),  one  ws“(44), 
and  one  B  ■  (31) 


Finite  detached  plane  for 
wall  scatter 


Detached  infinite  plane  for 
wall  scatter 


Need  one  Z  “(43)  and  two 
w 

in  (44)  and  therefore, 
(51)  -  . 

W8 

Need  one  Z  “(43)  and  two 
w 

W^;  and  set  WB“Crjo(44) 
and  its  Bw8-(51)"(5); 
therefore,  (51)  ■  AB 


Plane  partially  blocked  or 
entire  wall  is  not  struck 
by  direct  rays 


Use  Z ' £  instead  of  Z ^  in 

(34)  for  B  ;  also  use 
ws 

same  procedure  as  in  M  , 

82 

(finite)  or  Mg3  (infinite) 
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TAB  2  (continued) 


Got^e  Remarks 

WALL  SCATTER  -  APERTURES 

S.  Lower  sill  level  at  detector 

height 

Lower  sill  level  above 
detector  height 

sj.  Detector  height  within 

window  opening 


S 


c 


All  of  aperture  is  below 
detector 


SKYS11INE 

M  with  No  mutual  shielding  of 

skyahine 

Sd  or  any  Sb 


Mq  with  any  S  Skyahine  completely  blocked 
by  adjacent  building 


Mfll  with  any  S  Skyahine  partially  blocked 
and  aperture  completely 
blocked 


Mq2  with  any  S  Skyahine  partially  blocked 
and  aperture  partially 
blocked 


Program  Remarks 


One  in  (32)  and  one 
Gg  in  (33d) 

Need  two  Z  's  in  (32)  and 

QS 

therefore,  (33d)  ■  AGa 

Need  two  Z  'a  in  (32)  and 
as  ' 

therefore, (33d)  ■  C 

Need  two  Z^'s  in  (32)  and 
therefore , (33d)  ■  Ao 

8 


Ubc  one  Z^  (up  to  ceiling) 

in  (14),  one  in  (18),  one 

Zfl  in  (26), and  one  Cfl  ill  (31) 

-  Z  is  from  detector  to 
a 

actual  upper  edge  of  aperture 

Set  (54)-(31)«(G0)«(10)-0 
and  blank  out  (14),  (15), 

(17) ,  and  (26)  -  (29) 

Set  (31)-(60)-(53)-0,  use- 
two  Z^'s  In  (14),  blank  out 

(26)  -  (29)  ;  therefore, 

(18)  -  AGfl 

Use  Z  and  Z1  in  (20)  and 
a  a 

therefore,  (31  )-AG„i  also, 

use  Z  and  Z'  in  (14)  and 
u  u 

calculate  (18)  -Ac 

a 
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TAB  2  (continued) 
Code 


Remarks 


Program  Remark  a 


M  _  with  S 
a  oo  a 


S 

c 


No  mutual  shielding  of  skyshlne 
-  sill  level  above  detector 


Skyshlne  partially  blocked 
by  adjacent  building  - 
aperture  not  blocked  above 
detector  level 


All  of  the  aperture  la  below 
detector  level  -  no 
contribution  for  aky shine 


Use  one  Z^  in  (14),  one 
Gfl  in  (18),  two  Za'a  in 
(26)  and  calculate  (31) 

■  Aca 


Use  2^  and  Z^  In  (26)  and 
therefore,  (31)  -  £^G  i 

A 

also,  uae  Z  and  Z'  In 
u  u 

(14)  and  therefore,  (18) 

-  Aca 


Set  (53)“(60)«0,  and  blank 
out  (26),  (27),  (28),  (29), 
and  (31) 
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Appendix  1 


Analysis  of  33-BulldlnK  Sample 

I.  INPUT  DATA  AND  RESULTS 


A.  Introduction 

Computations  of  PF's  for  the  33  buildings  in  the  sample  were  made  in 
Phase  1  of  the  NFSS  by  using  AE  prepared  FOSDIC  data  as  Inputs  to  the  NBS- 
NFSS  Computer  Program.  In  Phase  2  of  the  NFSS,  the  AE  adjusted  the  FF  of 
some  buildings  by  making  sill  height  corrections  or  correcting  mistakes 
made  in  Phase  1  data  collection.  RTI  surveyed  the  buildings  and  submitted 
FOSDIC  forms  for  processing  by  the  NBS-NFSS  Computer  Program.  RTI  also 
made  Engineering  Manual  computations  for  each  building  using  more  detailed 
input  data  than  can  be  submitted  on  the  FOSDIC  form.  The  valueB  used  in 
a  FOSDIC  are  weighted  averages  of  sometimes  up  to  three  types  of  con* 
struction  and  mass  thicknesses  (psf)  in  one  exterior  wall,  floor,  or  roof. 

B.  Sample  Data 

Tills  section  contains  plan  views,  photographs,  AE  and  RTI  FOSDIC  input 
data,  computational  results,  and  an  analysis  of  Input  data  and  computational 
results  for  32  of  the  sample  buildings.  No  data  are  included  for  one 
building  which  was  not  surveyed  by  RTI  because  access  was  denied.  The 
order  and  building  numbers  are  the  same  as  listed  in  Table  III  of  Chapter  A; 
this  table  also  gives  the  Standard  Location  and  Facility  Number  for  each 
building. 


1-1 


A  plan  view  of  each  building  is  presented  in  each  Sub- section  a.  to 
show: 

Number  of  stories  -  number  normally  appears  in  lower  left  corner 

("B"  indicates  the  building  has  a  basement). 

Building  height  -  number  is  located  in  the  center  of  the  building 

with  "foot"  indication.  Differences  in  roof 
elevation  arc  shown  by  solid  lines. 

Adjoining  buildings  •  diagonal  lines  indicate  immediately  adjoining 

buildings  cither  representing  barrier-shields 
or  elevated  planes  of  contamination. 

Each  Sub-section  b.  shows  a  photograph  of  the  exterior  of  the  building. 

These  photographs  were  originally  intended  for  use  In  evaluating  construction 
details  and  arc  also  felt  to  be  adequate  to  Bhow  the  variations  encountered  in 
size,  shape,  etc. 

All  structural  input  data  submitted  by  the  AE  in  Phase  1  and  by  RTI  on 
FOSDIC  forms  are  contained  in  each  Sub-section  c.  under  each  building  number. 

The  RTI-FOSDIC  column  represents  data  collected  by  RTI  in  accordance  with 
Phase  1  Instructions,  except  that  all  significant  partitions  are  accounted 
for.  RTI  submitted  FOSDIC  forms  listing  only  masonry  load-bearing  and  fire¬ 
break  partitions  (Phase  1  Instructions)  and  FOSDIC  forms  listing  all  significant 
partitions  in  order  to  determine  the  effect  of  omitted  partitions.  The  data 
used  In  making  Engineering  Manual  calculations  are  not  reported  because  up  to 
19  azimuthal  sectors  were  required  to  define  the  variations  in  construction 
and  contaminated  planes.  As  many  as  three  different  wall  weights  might  be 
encountered  on  a  single  building  side,  whereas  only  one  wall  weight  per  side 
can  be  reported  on  the  FOSDIC  form. 
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Listed  in  each  Sub-section  d.  are  the  PF's  and  reduction  factors  determined 
for  the  buildings  in  the  RTI  sample.  The  terms  used  are  defined  as  follows: 

Detector  Location  -  floor  and  building  part  (as  shown  in  the  "RTI 
FOSDIC"  column  of  building  data  in  each  Sub¬ 
section  c.)  for  which  data  are  reported. 

AE  Fhase  1  •  results  from  NBS-NFSS  Computer  Program. 

AE  Phase  2  •  results  from  NFSS  Phase  2. 

RTI  FOSDIC  (No  X  )  -  results  from  NBS-NFSS  Computer  Program  using  RTI 

submitted  FOSDIC  form  without  Interior  partitions 
considered. 

RTI  FOSDIC  (X  )  -  results  from  NBS-NFSS  Computer  Program  using  RTI 

submitted  FOSDIC  form  with  interior  partitions. 

RTI  EM  -  reculta  from  detailed  Engineering  Manual  calculation. 

The  reduction  factors  calculated  by  the  NFSS  Computer  Program  were  rounded  to 
three  decimal  places  such  as  0.017  and  0,008.  Since  protection  factors  are 
more  commonly  used,  these  are  also  presented.  PF's  are  the  reciprocals  of 
reduction  factors  with  rounding  carried  out  only  to  the  nearest  whole  number, 
l.c., 1/0.017  ■  59  and  1/0.008  *  125.  The  reduction  factors  are  therefore  better 
to  use  in  comparing  AE  Phase  1  and  RTI  FOSDIC  individual  building  resultB  be¬ 
cause  of  the  ease  in  determining  the  correct  range  of  values  (e.g.  ,  .008  » 

.008  +  .0005).  The  Engineering  Manual  reduction  factors  were  calculated  by 
RTI  to  throe  significant  figures  and  the  corresponding  protection  factors  were 
rounded  to  whole  numbers. 

An  analysis  of  the  more  important  differences  in  input  data  submitted  by  the 
AE  in  Phase  1  and  collected  by  RTI  for  each  of  the  sample  buildings  is  contained 
in  each  Sub-section  e.  Input  differences  not  affecting  the  floor  under  consid¬ 
eration  are  not  enumerated  but  can  be  determined  by  comparing  tabular  data  in 
each  Sub-section  c.  Also  listed  are  differences  between  the  NBS-NFSS  Computer 
Program  procedure  and  the  Engineering  Manual  method  judged  to  have  been  principally 
responsible  for  the  difference  in  PF  for  the  specific  building  analyzed. 
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C.  Data  Inputs 
Address  30-32  North  Bonnet  St 


Boa  ton 


Mnnsaclmuctta 
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It 
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0 
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.  0 

II 

0 
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c 

0 

0 

1) 

0 
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A 

0 

0 

1) 

0 

100 

c 

0 
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D 
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0 

A 

_ 0 

0 

11 
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100 

c 

J _ Q 
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I) 
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A 
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10 
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10 
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C 

10 
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0 
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C 

10 
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D 
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it 

20 

10 
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10 
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6 
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il.  Results  of  PF  Computations 


at 


Detector  Location: 

Floor  2, 

Part  1  of  1 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

67 

.014 

.001 

.015 

Phase  2. 

96 

.005425 

.005 

.010425 

RTI  FOSDIC  (No 

77 

.010 

.003 

.013 

FOSDIC  (Xj) 

83 

.009 

.003 

.012 

EM 

116 

.0044 

.0042 

.0086 

e.  Analysis  of  Differences 

(1)  Input  Data  -  The  AE  reported  4  stories  In  Phase  1  Instead  of 
the  actual  3  but  corrected  tills  in  Phase  2.  Adjustments  were 
also  made  In  Phase  2  for  the  6^  foot  sills  and  for  u  12  Inch 
brick  partition  which  brought  the  TF  very  close  to  the  EM 
result.  The  differences  in  data  not  corrected  by  the  AE 
were  variations  of  at  least  10  percent  in  apertures,  a  20 

paf  higher  estimate  of  roof  weight,  and  30  psf  lower  weight  for 
first  and  upper  floors  than  determined  by  RTI  from  building 
plans. 

(2)  Procedures  -  Primary  differences  were  the  blocking  of  radiation 
by  the  high  sills  and  the  floor  slab.  This  building  also  had  a 
large  skylight  in  the  roof  which  could  not  be  handled  accurately 
by  the  NBS  computer  method. 
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.  Address:  73-77  Seventeenth  Avenue,  Newark,  N.  J. 
a.  Plan  View 


Photograph 


d ,  Results  of  PF  Computations 


Detector  Location:  Floor  9,  Part  6  of  8 

PF  Reduction  Factors 


Ground 

Roof 

Total 

AE  Phase  1. 

50 

.020 

0 

.020 

Phase  2. 

No  Change 

RTI  F0SDIC  (No  X  ) 
EM 

31 

.032 

0 

.032 

69 

.0144 

0 

.0144 

e.  Analysis  of  Differences 

(1)  Input  Data  -  Only  a  very  minor  difference  of  10  psf  occurred 
In  the  upper  exterior  wall.  Extreme  differences  were  noted  in 
the  first  planes  (prade  level)  on  the  C  and  D  sides.  RTI  observed 
widths  were  450  and  240  feet,  whereas  the  AE  values  were  only 

70  and  00  feet  respectively. 

(2)  Procedures  -  The  KM  l’F  and  AE  Phase  1  PF  arc  very  close  due 
to  the  simple  Imi lding  construction  involved.  The  increase 
in  EM  PF  is  duo  primarily  to  shielding  of  direct  radiation 
by  the  floor  slab, 
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c.  Data  Inputs 


Address  650  Grand  Concourse.  E 


i 


1 . 

2. 

3. 

4. 

r 

J  . 
6. 

7. 
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9. 
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12. 
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d.  Results  of  PF  Computations 


Detector  Location: 

Floor  1, 

Part  A  of  9 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

59 

.016 

.001 

.017 

Phase  2. 

300 

.002 

.001 

.003 

RTI  FOSDIC  (No  X  ) 

A3 

.023 

0 

.023 

FOSDIC  (X  ) 

91 

.011 

0 

.011 

EM 

16A 

.0061 

0 

.0061 

e.  Analysis  of  Differences 

(1)  Innut  Data  -  The  AE  estimate  was  lower  for  the  upper  floors 
by  20  psf  and  for  cite  upper  floor  ape'tures  by  an  average  of 
20  percent.  The  PF  was  adjusted  by  the  AE  in  Phase  2  for  an 
80  psf  partition  and  for  sill  height.  However,  Phase  2  in¬ 
structions  indicate  that  when  Xt  is  greater  than  AO  phT,  no  sill 
height  correction  should  be  made.  This  double  adjustment 
accounts  for  the  large  increase  in  PF  when  compared  to  the  EM 
result. 

(2)  Procedures  -  The  difference  in  RTI  FOSDIC  PF  and  EM  PF  is 
attributed  to  the  sill  correction  and  handling  of  irregular 
planes  of  contamination  by  20  arimuthal  sectors.  This  building 
is  located  on  top  of  a  hill  with  a  slope  of  approximately  A5°, 
which  is  difficult  to  account  for  in  the  computer  method. 
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Address:  1235  Grand  Concourse,  Bronx,  N.Y.C 
a.  Plan  View 


Grand  Via*  Ploc# 


Results  of  PF  Computations 


Detector  Location:  Floor  3,  Part  10  of  10 

PF  Reduction  Factors 


Ground 

Roof 

Total 

AE  Phase  1. 

100 

.003 

.007 

.010 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X  ) 

45 

.005 

.017 

.022 

EM 

66 

.0039 

.0113 

.0152 

Analysis  of  Differences 

(1)  Input  Data  -  A  20  paf  reduction  of  X^  at  the  third  floor  was 
not  noted  on  the  NFSS  Phase  1  FOSDIC  and  the  percent  of  upper 
floor  apertures  was  10  percent  less  on  tills  form.  The  most 
significant  difference,  however,  due  to  the  major  roof  contri¬ 
bution,  was  the  difference  In  upper  floor  and  the  roof  weights 
(20  paf  for  AF.  and  10  psf  for  KT1). 

(2)  Procedures  -  A  difference  in  roof  contribution  in  noticeable 
because  of  the  Influence  of  the  shape  of  the  building.  The 
small  difference  in  ground  contribution  is  attributed  to  the  sill 
height  correction. 
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Results  of  PF  Computations 


Detector  Location: 

Floor  1, 

Part  3  of 

3 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE 

Phase  1. 

59 

.013 

.004 

.017 

Phase  2, 

PF  Cat. 

4  -  AE  did 

not  show  computations 

RTI 

FOSDIC  (No  X  ) 
FOSDIC  (X  )  L 

21 

.040 

.007 

.047 

23 

.037 

.007 

.044 

EM 

45 

.0143 

.0080 

.0223 

Analysts  of  Differences 

(1)  Input  Data  -  The  ;,E  counted  5  stories  and  RTI  counted  6  because  of 
complete  exposure  of  the  basement  wall.  The  first  floor  was 
listed  by  the  AE  as  50  psf  whereas  tills  weight  floor  did  not 
extend  over  the  part  of  the  building  analyzed.  AE  estimates  for 
the  basement  X^  were  nlBo  from  20  •  70  psf  higher  than  RTI  values 
for  the  first  floor  (equivalent  data  because  of  the  way  the  loweBt 
story  was  handled)  and  the  aperture  percentage  was  10  percent  lower 
for  one  wall.  Very  good  plans  were  available  for  this  building. 

(2)  Procedures  -  Very  narrow  strips  of  contamination  and  sills  at 


detector  level  resulted  in  shielding  of  most  of  the  direct  radiation. 


Address:  5101-23  13th  Avenue,  Brooklyn,  N.Y.C. 
a.  Plan  View 


It/ 
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d.  Results  of  PF  Computations 


Detector  Location:  Floor  0,  Part  5  of  6 

PF  Reduction  Factors 


Ground 

Roof 

Total 

AE  Phase  1. 

48 

.008 

.013 

.021 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X  ) 

63 

.005 

.011 

.016 

EM  1 

65 

.0029 

.0126 

.0155 

e.  Analysis  of  Differences 

(1)  Input  Data  -  Basement  exposure  on  the  AE  Phase  l  FOSDIC  was  9 

feet  for  3  sides  and  3  feet  for  the  fourth.  RTI  had  A  feet 

for  nil  4  sides,  Indicating  an  error  by  the  AE  in  transcribing 

dntn  to  the  form.  The  basement  X  was  also  130  psf  lower  than 

c 

the  RTI  entry  for  2  sides  and  30  psf  higher  for  a  third  side. 

(2)  Procedures  -  Partially  exposed  basements  have  a  major  contribution 
from  direct  radiation  when  calculated  by  the  Computer  Program. 

This  contribution  is  eliminated  by  EM  procedures  when  the  detector 
Is  below  grade.  This  inclusion  of  excessive  direct  radiation  by 
the  computer  accounts  for  the  closeness  of  the  FOSDIC  and  EM 

PF '  s . 
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Address :  485  Bedford  Avenue,  Brooklyn,  N.V.C. 

a.  Plan  View 


Bedford  Avenue 

(•coir  l"  »  20') 


c.  Data  Inputs 
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d.  Results  of  PF  Computations 

Detector  Location:  Floor  0,  Part  1  of  1 


AE  Phase  1. 
Phase  2. 


EM 


V 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

140 

0 

.007 

.007 

200 

.002 

.003 

.005 

67 

.006 

.009 

.015 

147 

.0006 

.0062 

.0068 

c.  Analysts  of  D1 f fcrcnces 

(1)  Input  Data  -  This  basement  was  completely  unexposed  but  the 
Phase  1  FOSDIC  indicated  7  feet  exposure  on  2  aides.  This 
error  was  offset,  however,  by  calling  the  X  "  300  psf.  Con¬ 
taminated  planes  were  also  reported  such  that  the  basement  was 
still  calculated  by  the  computer  as  being  unexposed.  The  AM 
data  for  the  first  story  X  were  100  psf  greater  on  3  sides  and 
40  psf  greater  on  the  fourth  than  RTI  data. 

(2)  Procedures  -  This  building  helps  to  verify  the  statement  in 

the  Computer  Program  description  that  says  "Present  experimental 
evidence  Indicates  that  protection  factors  calculated  for 
basements  with  no  exposure  may  be  somewhat  optimistic."  The 
Phase  1  result  almost  equals  the  EM  PF  and  the  Phase  2  modification 
makes  It  higher  than  the  EM  PF. 
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Results  of  PF  Computations 


Detector  Location:  Floor  C,  Fart  l  of  1 


PF 

Reduction 

Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

125 

.008 

0 

.008 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X.) 

83 

.012 

0 

.012 

FOSDIC  (X.) 

125 

.008 

0 

.008 

EM  1 

278 

.oo  3(> 

0 

.0036 

Analysis  of  Dlf foreucew 

(1)  Input  Dnta  - 

Data  on 

the  Alt  Phase 

1  FOSDIC  and 

RTI  FOSDIC 

with 

partitions  varied  for 

aim's!  every 

element,  yet 

the  errors 

are 

compensating 

so  that 

the  Pi  's  are 

the  same. 

(2)  Procedures  - 

Major  differences  In 

It'.  .  It'SDTC  and  I'M  results  arc 

due  to  limited  planes  shield' ■'  I « v  tin  I  l""i  slab  and  wills  in 
extremely  heavy  walls 


Leroy  Street 


Address:  435  Hudson  Street,  Manhattan,  N.Y.C 
a.  Plan  View 


d .  Results  of  PF  Computations 


Detector  Location: 

Floor  4, 

Part  1  of  1 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

42 

.024 

0 

.024 

Phase  2. 

196 

.00509 

0 

.00509 

RTI  FOSDIC  (No  X  ) 

53 

.019 

0 

.019 

EM  1 

125 

.0000 

0 

.0080 

e .  Analysis  of  Differences 

(1)  Input  Data  -  The  difference  in  AE  Phase  1  and  RTI  F0SD1C  PF's 

is  due  to  Lin.-  height  of  the  third  plane  of  contamination  reported 
for  the  "C"  aide.  The  R'TI  data  places  the  plane  above  detector 
level  for  the  fourth  floor  and  the  AE  data  Indicate  that  It  is 
below  the  detector  level.  Tills  plane  Is  quite  important  because 
the  first  two  planes  are  only  a  total  of  50  feet  wide,  and  the 
computer  calculates  an  extrapolated  contribution  for  sources  be¬ 
yond  the  third  plnne  when  all  reported  planes  are  below  detector 
levcl  (EXTRA!’  Procedure).  Other  Input  dntn  affecting  the  fourth 
floor  were  quite  close  except  for  an  additional  107,  apertures 
reported  on  this  same  Bide  by  the  AE.  An  error  not  affecting  the 
fourth  floor  was  an  indication  of  0  psf  first  floor  walls  by  the  AE. 

Application  of  both  Interior  partition  and  sill  corrections 
in  Phase  2  led  to  a  PF  higher  than  the  EM  result. 

(2)  Procedures  -  Shielding  of  some  direct  radiation  by  floors  and 
sills  and  some  skyshine  by  adjacent  buildings  results  in  the 
increase  in  EM  PF. 
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r 


Address:  300  Park  Avenue,  Manhattan,  N.Y.C 
a.  Plan  View 


-3 
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d.  Results  of  PF  Computations 


Detector  Location: 

Floor  4, 

Part  1  of  3 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AG  Phase  1. 

53 

.019 

0 

.019 

Phase  2. 

Cat.  4 

No  Justification  given 

RTI  FOSDIC  (No  X  ) 

48 

.021 

0 

.021 

EM 

275 

.00363 

0 

.00363 

e.  Analysis  of  Differences 

(1)  Input  Data  -  Phase  1  data  indicate  50  percent  apertures  on  C 

wall  whereas  Phase  1  instructions  Indicate  should  be  adjusted 

for  apertures  when  the  building  is  divided  into  parts.  Upper  XQ 
is  higher  on  Phase  1  FOSDIC  by  40  psf  for  3  walls  and  60  psf  for 
fourth. 

(2)  Procedures  -  Tills  building  is  very  tall  and  surrounded  by 
equally  tall  ones.  From  the  center  of  the  fourth  floor  one 

can  sec  neither  ground  not  sky  without  "seeing"  multiple  floors. 
This  is  a  good  example  of  the  need  to  make  separate  calculations 
for  direct,  scattered,  and  skyshlne  radiation  because  different 
amounts  of  each  are  encountered.  The  NFSS  Computer  Program 
treats  all  three  elements  of  radiation  as  a  group  and  does  not 
allow  for  reduction  of  any  one  or  two  without  reducing  them 
all. 
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d.  Results  of  PF  Computations 


Detector  Location:  Floor  2,  Part  1  of  1 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

42 

.010 

.014 

.024 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X.) 

36 

.010 

.018 

.028 

EM  1 

73 

.0079 

.0058 

.0137 

e.  Analysis  ol  Differences 

(1)  Input  Data  -  Inputs  wore  fairly  close  except  for  an  additional 
7  feet  indicated  by  RTI  for  the  building  width.  This  extra 
width  accounted  for  Cite  larger  RTI  FOSDIC  roof  contribution. 

(2)  Procedures  -  Roof  contribution  was  much  smaller  in  the  EM  method 
because  of  the  odd  shape  of  the  building. 
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triers* 


West  75th  Street 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11 . 
12. 

13. 

14 . 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 


Helnlit-Total  Bull  tit  nr, 
Length-Exterior  Wall 


Basement  Exposure 


PSF-RooC 

Basement 

Fluor 

First 

l’l  oor 

Unnev 

Floor 

RationumL 

X 

L‘ 


Wnl  I  n-FI  i'kI  X 


-Uinict  X 


(II  «i  chaujuQ 


1'a  r  1 1  L  Inns-  ll.is  i 'iiifiit 
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d.  Results  of  PF  Computations 


Detector  Location!  Floor  4,  Part  1  of  3 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE 

Phase  1. 

63 

.016 

0 

.016 

Phase  2. 

No  Change 

ITI 

FOSDIC  (No  X.) 
FOSDIC  (X.) 

53 

.019 

0 

.019 

71 

.014 

0 

.014 

EM  1 

292 

.00343 

0 

.00343 

e.  Analysis  of  Differences 

(1)  Input  Data  *  An  entry  error  was  made  on  the  AE  Phase  1  FOSDIC 
which  interchanged  the  A  ami  II  building  dimensions.  This  error 
caused  the  worst  contamination  to  be  located  on  the  smaller  side, 
thereby  overestimating  the  PF,  A  number  of  partitions  woro  not 
counted  by  the  AF,  but  the  exterior  walls  were  estimated  as  10  psf 
heavier  on  3  sides  and  20  psf  lighter  on  the  fourth, 

(2)  Procedures  -  Over  half  of  the  skyshlne  was  shielded  by  tall 
buildings  and  a  large  part  of  the  direct  from  narrow  planes  was 
shielded  by  a  60  psf  floor.  These  facts  account  for  the  large 
increase  of  the  KM  PK  over  the  RTI  FOSDIC  PF. 
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13.  Address:  47-49  w.  129th  Street,  Manhattan,  N.Tf.C. 
a.  Plan  View 


b.  Photograph 


d.  Resulta  of  PF  Computations 


Detector  Location:  Floor  1,  Part  2  of  3 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

250 

.003 

.001 

.004 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X,) 

53 

.019 

0 

.019 

EM  1 

379 

.00121 

.00143 

.00264 

e.  Analysis  of  Diffcrencea 

(1)  Input  Data  -  This  was  the  only  building  in  which  a  Phase  1 

PF  as  high  as  250  was  evaluated,  ft  was  done  In  this  case  in 
order  to  evaluate  the  effect  of  areaways  which  were  across  the 
entire  front  and  back  of  the  building.  In  addition,  botli  sides 
of  the  building  had  courtyards  at  the  same  level  ns  the  areaways, 
which  were  at  floor  level  of  the  lowest  story.  This  floor  was 
reported  as  a  basement  by  the  AK  and  as  the  first  story  by  KTI. 
Contaminated  planes  were  reported  by  the  AF  in  such  a  manner  that 
tlte  lowest  floor  (AF  Basement)  was  considered  ns  being  8  feet 
below  grade,  when  in  reality  this  floor  was  exactly  at  grade 
level . 

(2)  Procedures  -  There  is  a  large  difference  noted  between  KTI  FOSDIC 
and  FM  results  essentially  because  of  the  very  narrow  planes 
(20  feet)  and  heavy  walls  up  to  detector  level.  Skyshinc  was 
also  completely  shielded  by  adjoining  buildings. 
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Address:  360  Cabrinl  Blvd.,  Manhattan,  N.Y.C 
a.  Plan  View 


Address  360  Cabrlnl  Blvd 


1 . 

2. 

3. 

4. 

5 .  Basement  Exposure 

6.  _ 

7.  _ 

8.  _ 

9.  rSF-Roof _ 


10 .  Basement  Fluor _ 

11 .  First  Floor _ 

12 .  Unner _ FI  our _ 

13.  Basement  X _ 

14.  _ l _ 

15.  _ 

16.  _ 

17.  Wul  Is- First  X 

18.  ■■■■  - e - 

19.  _ 

20.  _ 

21 .  _ -Unner  X  _ 

22.  _ ° 

23.  _ 

24.  _ 

25.  _ -Unner  X _ 

26.  _  (If  n  efwinr.d 


27. 

28. 
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d.  Results  of  PF  Computations 


Detector  Locations 

Floor  1,  Part  1  of 

4 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

71 

.012 

.002 

.014 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X  ) 

no 

.009 

0 

.009 

FOSDIC  (X.) 

125 

.008 

0 

.008 

EM  1 

556 

.0018 

0 

.0018 

Analysis  of  Differences 

(1)  Input  Data  - 

The  AE  Phase 

1  roof 

contribution  was  caused  by  roof 

and  floor  weights  being  estimated  20  and  50  psf,  respectively, 
loss  than  RTI.  AG  Phase  1  data  Indicated  20  percent  apertures 
on  the  first  story  A  side  which  was  completely  underground  and 
10  percent  on  the  D  side  which  had  0  percent.  Omitted  in  Phase  1 
were  130  psf  partitions  on  the  A  and  D  sides,  but  the  Xfi  entry 
for  all  walls  was  220  pBf  compared  to  130  for  RTL  Tha  may  have 
been  meant  to  account  for  the  omitted  partition  weight. 

(2)  Procedures  -  Direct  contribution  through  the  aperture  in  Phase  1 
was  the  major  contribution  and  was  significantly  reduced  in  the 
EM  PF  by  the  heavy  wall  under  the  Bill  level  and  the  fact  that 
there  were  no  apertures  bb  reported  by  the  AE  on  the  D  aide. 
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II  *  '« 


Results  of  PF  Computations 


Detector  Location:  Floor  0,  Part  1  of  3 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

50 

.020 

0 

.  020 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X  ) 

91 

.011 

0 

.011 

EM 

212 

.00472 

0 

.00472 

Analysis  of  Differences 

(1)  Input  Data  -  The  only  noticeable  differences  were  an  indication  by 
the  AE  of  10  percent  more  for  flic  A  and  C  basement  apertures  and 
10  psf  HrIi  ter  first  story  wqIIb  for  the  A  and  C  sldcB.  These 
variations  made  considerable  difference  because  the  first  planes 
of  contamination  on  these  Bides  were  260  feet  for  the  A  a  id:  and 
160  feet  for  the  C. 

(2)  Procedures  *  The  percent  of  apertures  difference  Btatcd  above  Is 
quite  significant  because  of  the  direct  radiation  figured  in  a 
partially  exposed  basement  through  the  use  of  Chart  3  of  the  AE 
Guide.  The  contribution  through  the  solid  wall  portion  is  also 
considerably  overestimated  through  the  use  of  this  Chart.  The 
EM  method  considerably  reduces  this  contribution. 


16.  Address:  14415  Sanford  Avenue,  Queens,  N.Y.C. 
a.  Plan  View 


b.  Photograph 


NO  PHOTOGRAPH  AVAILABLE 
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Results  of  PF  Computations 


Detector  Location: 

Floor  0,  Part  2  of  2 

PF 

Ground 

Reduction  Factors 

Roof 

Total 

AE  Phase  1. 

Phase  2. 

125 

No  Change 

.006 

.002 

.008 

RTI  FOSDIC  (No  X  ) 
FOSDIC  (X  ) 

59 

.010 

.007 

.017 

125 

.001 

.007 

.008 

EM 

161 

.0045 

.0017 

.0062 

Analysis  of  Differences 

(1)  Input  Dntn  -  The  end  PF  result  using  the  RTI  and  Phase  1  FOSDICS 
arc  the  same,  although  the  roof  and  ground  contributions  using 
one  FOSDIC  arc  quite  diffcieut  from  results  of  tho  other.  The 
AE  Phase  1  FOSDIC  indicated  50  psf  higher  values  for  three  base¬ 
ment  walls,  50  psf  higher  for  the  lBt  floor,  and  did  not  count 
major  partitions  in  the  basement, 

(2)  Procedures  -  The  HI  PF  was  higher  than  the  RTI  FOSDIC  PF  primarily 
due  to  excessive  direct  radiation  calculated  by  the  Computer 
Program  for  partially  exposed  basements  os  stated  before. 


Address:  37-49  South  Avenue,  Rochester,  I 
a.  Plan  View 


b.  Photograph 


Address  37-49  South  Avenue.  Rochester.  New  York 


Results  of  PF  Computations 


Detector  Location: 

Floor  0,  Part  1  of  2 

PF 

Ground 

Reduction  Factors 

Roof 

Total 

AE  Phase  1. 

Phase  2. 

77 

No  Change 

.002 

.011 

.013 

RTI  FOSDIC  (X  ) 

37 

0 

.027 

.027 

EM 

47 

.0024 

.0190 

.0214 

Analysis  of  Differences 

(1)  Input  Data  -  Floor  and  roof  weights  were  listed  ns  10  psf  higher 
in  the  Phase  1  FOSDIC  which  is  quite  critical  because  90  percent 
of  the  total  contribution  is  from  the  roof.  The  difference  In 
ground  contribution  between  the  AE  Elinor.  1  and  RII  FOSDIC  was 
caused  by  the  All's  estimating  the  C  wall  ns  80  psf  lower  than 
RTI  (160  to  2A0  psf). 

(2)  Procedures  -  Little  difference  in  EM  and  Computer  Program  in 
procedures  for  roof  contribution  Is  the  reason  for  close  results 
between  EM  and  RII  FOSDIC  data.  Very  heavy  walls  and  partitions 
make  ground  contribution  negligible. 
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d.  Results  of  PF  Computations 


Detector  Location: 

Floor  4, 

Part  1  of  3 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

77 

.012 

.001 

.013 

Phase  2. 

120 

.0072 

.001 

.0082 

RTI  FOSDIC  (X.) 

53 

.013 

.006 

.019 

EM  1 

164 

.0040 

.0021 

.0061 

e.  Analysis  of  Differences 

(1)  Input  Data  -  AE  Phase  1  floor  and  roof  psf's  are  considerably 
heavier  than  RTI  data;  the  upper  Xe  is  10  psf  higher;  the 
interior  partitions  arc  30  psf  higher;  and  the  upper  story  percent 
apertures  arc  20  -  30  percent  higher. 

(2)  Procedures  -  Major  differences  in  procedures  causing  the  increased 
EM  PF  are  sill  height  correction  and  contribution  from  a  peri¬ 
pheral  roof. 
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Address:  18th  and  C  Streets,  Washington,  D,  C 
a.  Plan  View 


E  Street  N.W. 


IK 

d.  Results  of  PF  Computati ona 

„  Detector  Location:  Floor  3,  Part  2  of  19 


3 

PF 

Reduction  Factors 

5 

4 

Ground 

Roof 

Total 

AE  Phase  1. 

125 

.008 

0 

.008 

rt 

a 

Phase  2, 

No  Change 

RTI  FOSDIC  (No  X  ) 
FOSDIC  (X  ) 

125 

.008 

0 

.008 

330 

.003 

0 

.003 

1 

EM 

1080 

.00092 

0 

.00092 

e.  Analysis  of  Differences 

.  -  — - 

H 

(1)  Input  Data  -  The  AE  cuunted  1  too  many  stories  and  did  not  count 
30  psf  partitions.  His  estimates  for  percent  apertures  were  also 

10  percent  higher  on  1  side  and  30  percent  higher  on  another  side. 

j 

*  AE  exterior  wall  weights  were  20  psf  heavier  on  2  Bides  and  30 

psf  lighter  on  a  third  side. 

I 

(2)  Procedures  -  Because  of  mutual  shielding  and  sill  heights,  there 
is  almost  no  direct  or  sUyBhinc  contribution  which  accounts  for 
the  very  high  EM  PF, 
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Address:  1011  W.  Market  Street,  Louisville,  Ky. 
a.  Plan  View 


b.  Photograph 
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c*  Data  Inputs 


Address  10X1  W.  Market  Street. 
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ResultB  of  PF  Computations 


Detector  Location:  Floor  0,  Part  1  of  1 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

71 

.003 

.011 

.014 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X.) 

42 

.008 

.016 

.024 

EM  1 

71 

.0011 

.013 

.0141 

Analysis  of  Differences 

(1)  Input  Data  -  The  small  amount  of  basement  exposure  (1  foot)  was 
Ignored  by  the  AC  In  Phase  l,yet  a  percent  of  apertures  was  Indi¬ 
cated  far  sides  A  and  C.  Basement  walls  were  Indicated  as  200 
psf  by  the  AE  and  100  paf  by  RTI. 

(2)  Procedures  -  Differences  in  EM  PF  and  RTI  F0SDIC  PF  were  due 

to  the  small  difference  attributed  to  shape  factor  being  accounted 
for  In  roof  contribution  and  the  partially  exposed  basement 
situation  mentioned  above. 


Address:  917  Euclid  Avenue,  Cleveland,  Ohio 
a.  Plan  View 


Address  917  Euclid  Avc. ,  Cleveland 
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it. 
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d.  Results  of  PF  Computations 


i 

Detector  Location: 

Floor  5, 

Part  1  of  8 

PF 

Reduction  Factors 

! 

Ground 

Roof 

Total 

AE  Phase  1. 

59 

.017 

0 

.017 

i 

Phase  2. 

110 

.009 

0 

.009 

i 

RTI  F0SDIC  (No  X  ) 

250 

.004 

0 

.004 

F0SDIC  (X  )  1 

500 

.002 

0 

.002 

i 

EM 

455 

.0022 

0 

.0022 

e.  Analysis  of  Differences 

(1)  Input  Data  -  Interior  partitions  were  not  counted  by  the  AE  In 
Phase  1,  and  the  RTI  X(  Is  30  psf  higher  on  2  sides  and  30  psf 
lighter  on  the  third  side.  On  the  fourth  side,  the  AE  Phase  1 
X(  was  only  20  psf  and  the  RTI  entry  was  150  psf,  which  indl- 
cates  that  the  20  psf  Is  apparently  an  error  in  transcribing 
data  from  notes  to  the  FOSD1C.  Phase  1  Instructions  for  dividing 
buildings  (multiple  interior  partitions  in  the  adjoining  building 
part  were  counted  and  the  X^  adjusted  for  apertures)  accounted 
for  the  very  high  RTI  F0SDIC  PF.  The  length  of  the  exterior 
wall  on  the  A  side  was  also  15  feet  longer  in  the  RTI  data. 

(2)  Procedures  -  Tills  is  felt  to  be  n  good  example  of  the  problems 
that  can  be  encountered  when  it  is  necessary  to  divide  a  building 
into  parts  for  the  computer.  This  building  also  had  most  of  its 
direct  and  skyshinc  partially  shielded  by  adjacent  buildings 

in  Che  EM  calculation. 
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257  S.  16th  Street,  Philadelphia,  Pa 


a.  Plan  View 


r^kW^sXwwxNi 

r 

■  -  •  * 

176' 

182' 

170' 

68 

I7B 

168 

S.  16th  Strut 


(tcole:  f  >  S3  I/S') 


h.  Photograph 
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Add r c s s  257  S.  16th  St..  Philadelphia 


L .  No.  of  Stories _ 

2.  Height-Total  Building _ 

3  .  Length-Exterior  Wall _ A_ 

4.  ». 

5  .  Baaemont  Exposure _ A. 

6.  IV 

7.  ___ _ £L 

8.  _ i! 


9.  PSF-Roof _ _ 

10 .  Basement  Floor 

1 1 .  First.  Floor 

2  .  tinner _ FI  mu' 

Hasemunt  X  _ 


13 


A. 

II 


d.  Results  of  PF  Computations 


Detector  Location:  Floor  9,  Part  1  of  1 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE 

Phase  1. 

40 

.025 

0 

.025 

Phase  2. 

No 

Change 

RTI 

FOSDIC  (No  X  ) 

43 

.023 

0 

.023 

FOSDIC  (X.) 

56 

.018 

0 

.018 

EM  1 

250 

.0040 

0 

.0040 

e.  Analysis  of  Differences 

(1)  Input  Data  -  The  RTI  data  indicates  20  psf  partitions  on  all  sidosj 
30  percent  less  apertures  on  the  D  side;  and  20  percent  less 
apertures  on  the  D  side  resulting  in  a  higher  RTI  FOSDIC  (X^ 

PF  chan  the  NFSS  Phase  1  PF. 

(2)  Procedures  -  Since  the  detector  was  placed  on  a  high  floor,  a 
large  part  of  the  direct  radiation  was  shielded  by  the  floor  slab 
and  sills  which  resulted  in  a  much  higher  EM  PF. 
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.  Crump  Blvd.,  Memphis,  Term. 


Crump  Blvd. 


(•coir  IH  >  BO*) 
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d.  Results  of  PF  Computations 


Detector  Location: 

Floor  4, 

Part  1  of  2 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

56 

.018 

0 

.018 

Phase  2. 

100 

.010 

0 

.010 

RTI  FOSDIC  (No  X  ) 

42 

.024 

0 

.024 

EM 

62 

.0161 

0 

.0161 

e.  Analysis  of  Differences 

(1)  Input  Data  -  The  only  significant  Input  difference  affecting  the 
fourth  story  was  an  indication  of  wall  weights  20  psf  higher 
for  all  sides  on  the  AE  Those  1  than  on  the  RTI  FOSDIC. 

(2)  Procedures  -  The  sill  height  correction  was  tho  only  major 
procedural  difference  causing  the  variation  in  PF  between  the 
RTI  FOSDIC  and  the  EM. 
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Address  3456  N'.  Damcn  Avenue 
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Address:  320  N.  Clarl 
a.  Plan  View 


b.  Photograph 


(Chicago  River) 


N.  Clark 
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Results  of  PF  Computations 


Detector  Location:  Floor  5,  Part  1  of  1 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1, 

100 

.010 

0 

.010 

Phase  2. 

No  Change 

RTI  F0SD1C  (No  X  ) 

110 

.009 

0 

.009 

F0SDIC  (X.) 

500 

.002 

0 

.002 

EM  1 

770 

.0013 

0 

.0013 

Analysis  of  Differences 

(1)  Input  Data  - 

A  large,  deep 

river 

adjacent  to  the  building 

was 

counted  In  Phase  1  ns  o  plane  of  contamination,  but  should  have 
been  considered  as  a  cleared  strip.  One  story  too  many  was  also 
counted.  The  AE  roof  weight  wob  50  psf  lighter  and  upper  floor 
weights  were  60  psf  lighter  than  RTI  data.  AE  walls  woru  20  psf 
lighter  on  1  side,  50  psf  lighter  on  another,  30  psf  on  another, 
and  10  psf  greater  on  the  fourth. 

RTI  had  60  psf  Interior  partitions  on  nil  four  sides,  and  the 
AE  had  20  percent  more  apertures  on  1  side. 

(2)  Procedures  -  The  primary  differences  between  the  Phase  1  PF  and 
the  EM  PF  other  than  the  inputs  were  the  sill  correction,  treat¬ 
ment  of  the  river  ns  n  cleared  strip,  and  extremely  heavy  (140 
psf)  floors  which  shield  a  large  fraction  of  the  radiation. 


26. 


Add teas :  ill  M.  JacKscm  blvd.,  Chicago,  All. 
a.  Plan  View 


W.  Jockton  Blvd. 

(acola>  l"  s  7fi‘) 


.  Photograph 


jiijim'Bin.-wm 
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Results  of  PF  Computations 

Detector  Location:  Floor  9, 

Part  1  of  1 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1.  71 

.014 

0 

.014 

Phase  2.  120 

.0085 

0 

.0085 

RTI  F0SDIC  (No  X  )  83 

EM  550 

.012 

0 

.012 

.0018 

0 

.0018 

Analysis  of  Differences 

(1)  Input  Data  -  The  average  upper  X(  estimated  by  the  AE  In  Plume  1 
was  greater  than  480  psf  anil  the  percent  of  apertures  wan  90  percent 
l'or  nil  walls.  The  RTI  data  were  120  psf  for  and  70  percent 
apertures.  The  KT1  exterior  wall  11  dimension  was  13  feet  longer 
than  the  AE  dimension. 

(2)  Procedures  -  The  major  difference  In  PF  was  due  to  the  Computer 
Program's  determining  thnt  the  first  plane  on  one  Bide  was  a 
neighboring  roof.  Since  the  detector  wob  above  the  second  plane, 
the  computer  calculated  a  contribution  from  the  second  plane.  A 
correction  for  this  was  made  by  the  AE  in  Plume  2.  This  was 
another  building  with  a  lot  ol  mutual  shielding. 
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d.  Results  of  PF  Computations 


Detector  Location: 

Floor  0, 

Part  1  of  1 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1, 

71 

.013 

.001 

.014 

Phase  2, 

56 

.012 

.006 

.018 

RTI  F0SDIC  (No  X  ) 

33 

.022 

.008 

.030 

FOSDIC  (X.) 

53 

.011 

.008 

.019 

EM 

71 

.011 

.0031 

.0141 

e.  Analysis  of  Differences 

(1)  Input  Data  -  A  60  psf  roof  and  80  psf  floors  woro  listed  by  the 
AE  In  Phase  1  whereas  RTI  data  were  10  paf  and  60  psf,  re¬ 
spectively  .  The  AE  adjusted  his  values  In  Phase  2  by  using  the 
same  values  ns  RTI,  The  AE  basement  walls  were  dIbo  20  psf 
higher  than  the  RTI  estimate.  Interior  partitions  of  30  psf 
were  emitted  by  the  AE:  the  AE  exterior  wall  A  dimension  was 

A0  feet  too  great;  and  the  npertures  were  estimated  as  being  30 
percent  leas  than  RTI  on  one  Bide, 

(2)  Procedures  -  Basement  exposure  procedural  difference  whereby  ton 
much  direct  contribution  is  calculated  by  the  computer  occurred 
ngai n. 
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28.  Address:  604  E.  38th  Street,  Indianapolis,  Ind. 
a.  Plan  View 


AoMpooig 


Address  604  E.  38th  Street 


1 . 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11 . 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 


No.  of  Stories 
Height-Total  Building 
Length-Exterior  Wall 


Basement  Exposure _ J 


PSF-Roof _ 

Basement  Floor 
First  Floor 
Upper  Floor 
Basement  ___ 


Wal 1 s-Flrut  X  l 

- —  e - 


-tlpiier 


:.!'pi'«;r  .K _ 

fit'  a  channel 


Part  It  tons- Basement 


d.  Results  of  PF  Computations 


Detector  Location:  Floor  0,  Part  1  of  1 


PF 

Reduction  Factors 

Cround 

Roof 

Total 

AE 

Phase  1. 

53 

.016 

.003 

.019 

Phase  2. 

104 

.00661 

.003 

.00961 

RTI 

FOSDXC  (X 

and  No  X.) 
185* 

both  cases  had 

PF  less  than  20 

KM 

.0023 

.0031 

.0054 

e.  Analysis  of  Differences 

(1)  Input  Data  -  Concrete  floors  wore  only  in  Hip  corridors.  Therefore, 
the  assumption  by  the  A1C  that  the  entire  floor  was  concrete 
accounted  for  a  large  dlllercnce  In  estimated  floor  psf's  (10- 

GO  psf).  Substantial  partitions  of  110  pnf  were1  not  counted  In 
Phase  1  but  an  adjustment  was  made  for  them  in  Phase  2. 

(2)  Procedures  -  There  was  basement  exposure  of  7  feet  but  till!  detector 
was  still  below  grade.  Major  contribution  from  direct  radiation 
calculated  In  Phase  1  for  an  exposed  basement  Is  eliminated  by 

the  KM  method. 
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Address:  619  Main  Street,  Houston,  Texas 

a.  Plan  View 


29. 
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Main  Street 


(•col*1  l”  ■  50') 


b.  PhotoRraph 
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d.  Results  of  PF  Computations 


Detector  Location:  Floor  2,  Part  1  of  1 


AF.  Phase  1 . 

Phase  2. 

RTI  FOSDXC  (No  X  ) 
EM 


PF  Reduction  Factors 

Ground  Roof  Total 

63  .010  .006  .616 

No  data  other  than  D  side  A  from  607.  to  207. 

P 

20  .018  .032  .050 

26  .0145  .0235  .0380 


o .  Analysts  of  Differences 

(1)  Input  Data  -  AK  Phase  1  data  Indicated  heavy  floors  over  the  en¬ 
tire  building,  whereas  one-half  had  concrete  and  the  other  half 
had  wooden  floors.  AE  estimates  for  exterior  wall  weights  were 
50  psf  higher  than  RTI  on  2  sides,  30  psf  higher  on  another, 
and  200  psf  higher  on  the  fourth. 

(2)  Procedures  -  Procedural  differences  of  importance  In  this  building 
Were  only  the  alll  correction  and  usual  EM  use  of  azimuthal 
sectors  to  handle  varying  planes  and  wall  weights. 
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N.  10th  Street 


Address:  1010  Fine  Street,  St.  Louis,  Mo 
a.  Plan  View 


c.  Dill  a  Inputs 

Addrcs  s _ 1010  PJ.no  St..  S  r.. 


1  .  Ko ,  ot  Slot’ Ion _ 

2.  Met  Klit-Total  Hull  dim’, 
3  .  l.emali-Kxi  cri  or  Wall 


3  •  Basement  KxpuMirc1 


-  Up  n  o  r 


®  Ill’ll 


i 

i 
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d.  Results  of  PF  Computations 

Detector  Location:  Floor  13,  Fart  ft  of  9 


PF 

Reduction  Factors 

Ground 

Roof 

AE 

Phase  1. 

50 

.020 

0 

Phase  2. 

No  Change 

-  AE  Denied 

Access 

RTI 

F0SDIC  (No  X.) 

83 

.012 

0 

EM  1 

127 

.0070 

.0009 

Total 

.020 


.012 

.0079 


e.  Analysis  of  Differences 

(1)  Input  Data  -  AK  Phase  1  data  Indicated  20  percent  more  apertures 
on  2  aides,  1.0  percent  on  a  third,  and  A0  percent  on  the  fourth. 
The  AE  Phase  1  X(i  was  also  120  psf  higher  than  the  RTI  value. 

(2)  Procedures  -  Sill  and  floor  slab  shielding  of  direct,  radiation 
plus  the  difference  In  procedures  involved  with  dividing  the 
building  Into  parts  were  major  procedural  differences  accounting 
for  Che  Increase  In  the  EM  l’F  over  the  RTI  F0SDIC  IT. 
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31. 


Address:  403  West  8th  Street,  Los  Angeles,  Cal. 
a.  Plan  View 


55 

x 

vi 


(teal#*  lM«  50') 


b.  Photograph 


93 


d.  Results  of  PF  Computations 


Detector  Location: 

Floor  A, 

Part  1  of  1 

PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

77 

.013 

0 

.013 

Phase  2. 

170 

.006 

0 

.006 

RTI  FOSDIC  (No  X.) 

110 

.009 

0 

.009 

FOSDIC  (X.) 

200 

.005 

0 

.005 

EM  1 

1250 

.0008 

0 

.0008 

c.  Analysis  of  Differences 

(1)  Input  Data  -  Partitions  of  20  to  60  psf  were  omitted  in  Phase 

1  (added  in  Phase  2)  and  20  percent  more  apertures  were  counted 
on  2  sides  by  the  AE. 

(2)  Procedures  -  Thu  building  had  a  "U"  shape  which,  along  with 
narrow  contaminated  planes,  helped  to  shield  against  most  of 
the  direct  radiation  and  a  part  of  the  scattered  radiation  in 
the  EM  method,  'flic  building  also  had  heavy  walls  below  sill 
level  and  50  psf  floors  which  led  to  a  higher  RTI  EM  PF 
because  of  the  shielding  of  direct  radiation. 
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32. 


Address:  650  5th  Street,  San  Francisco,  Cal. 
a.  Plan  View 
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b,  Photoaranh 


Add  r  e  s s  650  5th  St. .  San 


1. 

2. 

3. 

4. 

5. 

6. 
7. 
b. 
9. 

10. 
11 . 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 
29. 


No.  of  Stories 


Height-Total  Bulldlm 
l.eiieth-Exterlor  Wall 


Basement  Exposure 


PSF-Roof _ 

Basement  Floor 
Flrat  Floor 

Upper _ FI  oor 

Basement  X  _ 


Walls-First 


-Upper  X 
- <~v- 


d'pi1  _ 

(11  a  tTiqnno) 


Tart  1 tlona-HusemcnL 


d.  Results  of  PF  Computations 


Detector  Location:  Floor  2,  Part  1  of  1 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

42 

024 

0 

.024 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X.) 
EM 

50 

.020 

0 

.020 

100 

.010 

0 

.010 

Analysis  of  Differences 

(1)  Input  Data  - 

A  number  of 

obvi  Oils 

errors  were  made  by  the 

AE  In 

contaminated  plane  heights  anil  widths  and  cite  was  20  pat 
loss  In  Phase  1  than  on  the  RTI  FOSDIC.  AperturuB  were  also 
estimated  by  the  AE  ns  10  percent  more  on  one  side  and  20 
percent  more  on  another.  These  errors  are  nearly  compensating. 

(2)  Procedures  -  Sill  heights  and  a  major  partition  parallel  to  one 
wall  and  on  only  one  story  accounted  for  the  major  change  In  PF 
using  the  EM. 
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Address:  1215  4th  Avenue,  Seattle,  Wash, 
a.  Plan  View 
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c.  Data  Inputs 


d.  Results  of  PF  Computations 

Detector  Location:  Floor  6,  Part  2  of  3 


PF 

Reduction  Factors 

Ground 

Roof 

Total 

AE  Phase  1. 

71 

.010 

.004 

.014 

Phase  2. 

No  Change 

RTI  FOSDIC  (No  X  ) 

71 

.006 

.008 

.014 

FOSDIC  (X.) 

S3 

.004 

.008 

.012 

EM  1 

189 

.0017 

.0036 

.0053 

c.  Analysis  of  Differences 

(1)  Input  Data  -  Iho  AE  Phase  1  Xc  was  10  paf  higher  on  2  sides  and 
50  psf  higher  on  the  other  two  In  Phase  1  data  compared  to  RTI. 
Interior  partitions  of  20  psf  were  n<>t  counted  and  the  roof  wus 
estimated  ns  30  psf  higher  by  the  AE  in  Phase  1.  These  differences 
were  compensating  so  that  the  AE  Phase  1  and  RTI  FOSDIC  (No  X^ 

PF's  were  the  same  even  though  the  respective  ground  and  rouf 
reduction  factors  wore  different, 

(2)  Procedures  -  This  building  wns  another  example  of  considerable 
shielding  of  direct  and  skyshlnc  radiation  components  by  the  floor 
slab  and  adjacent  buildings  which  raised  the  EM  PF. 
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II.  STATISTICAL  FORMULAS 


The  Input  Uata  (each  Sub-aecliun  c.  of  I.B.)  and  computational  results  (each 
Sub-section  d,  of  I.B.)  were  compered  statistically  end  reported  in  Tables  IV 
and  V,  respectively,  of  Chapter  A. 

In  comparing  any  two  data  collection  or  PF  computational  methods,  the 
observed  difference  for  a  Bomplo  building  will  be  designated  ns  d^^.  The  sub¬ 
script  "i"  refers  to  the  region,  "j"  refers  to  the  particular  collapsed  stra¬ 
tum  within  the  region. and  "k"  to  the  building  within  the  collapsed  sLiaLum. 
in  order  to  provide  a  basis  for  estimating  standard  errors,  collapsed  strata 
wore  formed  by  combining  adjacent  original  strntn.* 

The  statistical  formulas  are  simplified  by  setting: 

Ytjk  "  Ci  Wljk  dijk  nml 

Xijk  "  °i  Wljk 
where: 


V 


ijk 


Is  the  weighted  observed  difference. 


C  is  the  number  of  clusters  that  each  sample  cluster  represents  in 
l  the  ith  region. 


W  is  the  proportionate  number  of  buildings  with  shelter  in  nt  least 
TF  Categories  2,  3,  or  A  in  the  kth  sample  cluster  of  the  Jth 
collapsed  stratum  in  the  ith  region. 


X 


ijk 


can  be  regarded  as  the  inverse  of  the  building  selection  prob¬ 
ability. 


For  a  general  discussion  of  the  use  of  collapsed  strata  for  estimating 
standard  errors  sec  Reference  1. 
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An  average  difference,  3  is  then  found  from: 

SU  Y 
a .  i  1  h  & 

s:nx 

i  j  k  Aijk 

The  above  estimator  is  of  the  ratio  type.  Its  variance  can  be  approximated 
by  making  use  of  a  Taylor  series  expansion  and  substituting  sample  values  where 
needed.  The  square  of  the  standard  error  of  on  overage  difference  is  thus 


estimated  by; 


'  Yua>2  4  ?  ?  <*m  '  xij2>2  ’  23  ??  «4Ji  ’  W«m  ‘  W 

mr  v 


All  summntlons  are  carried  out  only  over  collapsed  strata  in  which  k  »  1,  2. 

There  are  thirteen  such  strata  with  one  degree  of  freedom  within  each  stratum. 

Tnble  I-I  gives  the  ond  Cj  ^ijk  vn*u08  used. 

The  standard  error  of  the  average  difference,  si|,  is  an  estimate  of  a  measure 
of  the  variability  expected  from  somploe  of  the  sire  and  typo  used  in  the  Burvey. 
The  observed  average  difference  divided  by  the  observed  standard  orror  of  the 
average  difference  provides  a  statistic  for  testing  the  significance  of  the 
observed  average  difference.  In  this  Burvey,  this  statistic  is  approximately 
distributed  as  the  "t"  distribution  with  cither  twelve  or  thirteen  degrees  of 
freedom. 

The  term  degrees  of  freedom  is  a  technical  expression  referring  to  a  para¬ 
meter  of  the  "t"  distribution  which  was  used  to  determine  statistical  significance. 
In  this  survey,  each  collapsed  stratum  with  two  observations  contributed  one 
degree  of  freedom  to  the  computation  of  the  observed  "t"  value.  The  total 
number  of  degrees  of  freedom  is  simply  the  sum  over  the  set  of  collapsed  strata. 
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TABLE  I- I 


33  Building  Sample  Statistical  Chnrnc tcrls t les 


Regi  on 

Ci 

Collapsed 

Stratum 

_  (J) 

Bldg.  Within 
Collapsed 
Stratum  (k) 

Bldg. 

No. 

Wijk 

CiWijk 

1 

1638 

1 

1 

17 

2.0000 

3276.0000 

2 

1 

2.0000 

3276.0000 

2 

1 

15 

3.0000 

4914.0000 

2 

16 

1 . 0000 

1638.0000 

3 

1 

8 

0.6250 

1023.7500 

2 

9 

1. 1429 

1872.0702 

4 

1 

10 

0.2000 

327.6000 

2 

11 

6.0000 

9828.0000 

5 

1 

12 

0.2061 

337.5918 

2 

13 

l  0000 

1638.0000 

6 

1 

14 

3.5000 

5733.0000 

2 

6 

1,0000 

1638  0000 

7 

1 

7 

5.0000 

8190.0000 

n 

3 

0.  Ibb  / 

273.0546 

8 

i 

4 

0.  1250 

204.7500 

2 

5 

1.0000 

1638.0000 

9 

1 

2 

0. 1429 

234.0702 

2 

1483 

1 

1 

22 

1,0000 

1485.0000 

2 

18 

0.2778 

412.5330 

2 

1 

19 

0,0945 

140.3325 

2 

21 

0,0588 

87.3180 

3 

1 

20 

3,0000 

4455.0000 

3 

655 

1 

1 

23 

1.0000 

655.0000 

4,6 

.  Vr 

2054 

1 

1 

28 

3.0000 

6162.0000 

2 

25 

.3333 

684.5982 

2 

1 

26 

.1667 

342.4018 

2 

27 

3.0000 

6162.0000 

3 

1 

30 

.0596 

122.4184 

5 

1091 

1 

1 

29 

4.0000 

4364.0000 

7 

1076 

1 

1 

31 

0. 5000 

538.0000 

2 

32 

2.0000 

2152.0000 

8 

838 

l 

1 

33 

0.3333 

279.3054 

★ 

AdJ 

ostod  for  s 

.mnplc  building 

not  surveyed  due 

to  denial 

of  access 
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Appendix  J 


Construction  Details  of  Buildings  lined  in  Comparison 
of  Experimental  and  Computed  TF's 

I.  INTRODUCTION 

Some  construction  details  of  the  four  buildings  analyzed  in  Part  I,  Chapter  5 
were  reported  by  Edgerton,  Germeshnuscn,  and  Grier,  Inc.  (EG&G)  in  References  1 
and  2.  This  appendix  presents  additional  data  needed  for  the  Engineering  Manual 
computations  of  these  buildings. 

The  langths  and  widths  reported  arc  outside  dimensions;  story  heights  nre 
from  the  top  of  the  floor  slab  to  the  top  of  the  next  higher  floor  slab  (or  roof 
slab);  and  material  weights  (muss  thiehnusBcs)  were  derived  by  using  mlnimums  given 
in  Reference  3  if  weights  were  not  reported  on  the  building  plans.  Muss  thick¬ 
nesses  derived  from  Reference  3  are  denoted  by  un  asterisk  in  Section  II. 
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II.  CONSTRUCTION  DETAILS 


A .  Brookhavon  National  Laboratory  Medical  Research  Building 
Stories:  One  with  basement 
Length:  270' 

Width:  200' 

Story  Height:  Basement  «*  H  '  -  0" 

First  -  12'  -  3" 

First  Story  Floor  Weight:  5"  reinforced  concrete 

IV  cement  fill  and  finish 

First  Story  Celling  Weight:  Suspended  metal  lath  and 

plaster  celling  covered  with 
acoustic  tile 

Roof  Weight;  Built  up  roofing,  2"  Insulation,  2-V  poured 
gypsum  concrete  fill,  gypsum  form  board  and 
open  web  steel  Joist 

Basement  Wall  Weight:  7"  reinforced  concrete 

4"  brick 

First  Story  Wall  Weight:  3/4"  plaster 

0"  hollow  concrete  block 
4"  brick 


62.5  psf 

12.5  nsf 

75.0  psf 


15.0  pnl* 


36.0  psf* 

87.5  psf 
38.0  nsf 

125.5  psf 

5.0  psf 
40.0  psf 
38.0  psf 

83.0  psf 


Basement  Exposure:  Varied  on  the  two  test  sides  from  2'  to  11' 
Partitions:  (a)  Basement:  About  400  12"xl2"  columns  from 

flooi  to  ceiling  with  a  number  of  8"x8" 
cross  joists 


Estimated  from  data  in  Reference  3. 


-  .1-2  - 


100.0  psf 


(b)  First  Floor  (divided  into  about  150  rooms) 

A"  hollow  concrete  block  30.0  psf 

or  8"  hollow  concrete  block  55.0  psf 

or  12"  reinforced  concrete  150.0  psf 

Note:  Some  directions  did  not  have  any  interior  partitions 
and  some  hod  multiple  partitions. 

B .  The  Laboratory  of  Nuclear  Medicine  and  Radiation  Bi o  logy 
of  the  University  of  California  in  hos  Angeles 
Stories  :  Two  with  basement 
I.ength  :  180' 

Width ;  59' 

Story  Height:  Basement  13'  -  9" 

First  &  Upper  12'  -  9" 

Floor  and  Roof  Weight:  9"  of  reinforced  concrete  112.5  psf 

Buscmcnt  Wall  Weight:  0"  of  reinforced  concrete  100.0  pBf 

First  Story  Wall  Weight:  Because  the  first  story  wall  is  n 

masonry  screen,  the  smeared  effective 
weight  is  25.0  psf 

Basement  Exposure:  Rear  3' 

Front  A' 

Partitions:  Basement  and  First  Floor  -  2"  metal  frame, 

metal  lath  with  3/A"  plaster  on  each  side  20.0  psf* 

C.  The  Communications  Center  of  the  Los  Angeles  Police  Department  Building 

Stories:  One  and  eight 

Length:  15A'  (for  ground  contribution) 

Width:  !  Sd '  (for  ground  contribution) 

iV 

Estimated  from  data  in  Reference  3. 
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Story  Height :  First 


15 


3 


Upper  ■=  9'  -  9" 

Second  Story  Floor  Weight:  6"  min.  reinforced  concrete 

Roof  Weight:  6"  min.  reinforced  concrete 

First  Story  Wall  Weight:  10V  reinforced  concrete 

:-V  tile  and  cement 

Partitions:  Mostly  light  partitions  (10  pat) ;  however, 
there  was  a  14"  concrete  partition  in  part 
of  the  building 


75.0 

75.0 


130.0  psf 
15.0  psf 

145.0 


n,  A  xvnicul  Classroom  at  Worth  Hollywood  High  School 
Stories:  Two  without  basement 
Length:  90'  -  0" 

Width:  71'  -  0" 

Story  Height:  First  »  14'  -  0" 

Second  o  14'  -  0" 

Floor  Weight:  3"  reinforced  concrete  37.5  psf 

(4”  concrete  slab  in  corridor) 

Suspended  metal  loth  and  3/4"  plaster 


ceiling  15.0  nsf 

52. 

Roof  Weight:  3"  reinforced  concrete  37.5  psf 

Built  up  roofing  5.5  psf* 

43. 

Wall  Weight:  12"  reinforced  concrete  150. 

Partition  Weight:  Metal  lath  with  plaster  on  both  sides  20. 


Vr 

Estimated  from  data  in  Reference  3. 
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pSf 

psf 

psf 


5  psf 

0  psf 
0  psf 
0  psf 
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Appendix  K 

Potable  Water  Survey-Field  Data 


I.  INTRODUCTION 

This  appendix  presents  the  potable  water  field  data  obtained  by  RTI  during  the 
survey  of  the  statistical  sample  of  33  NFSS  structures.  An  outline  of  data  collection 
procedures  and  an  analysis  of  field  results  are  presented  in  Part  I,  Chapter  8. 

The  data  presented  in  this  appendix  wore  previously  reported  to  OCD  as  part  of 
Research  Memorandum  RM  81-6  (Reference  1). 

The  potable  water  data  were  collected  in  the  following  categories: 

A.  Fire  Control  Tank 

B.  Sprinkler  System 

C.  Hot  Water  Heater 
1).  Supply  Pipe 

K.  Holding  Tank 

F.  Water  Closet  Flush  Tanks 

Air  Conditioner  (non-trented) 

H.  Heating  Tank  (lion-treated) 

I.  Indoor  Swimming  Pool 

J.  Miscellaneous  (all  contalnoru  not  in  A. -I.  above) 

It  should  be  noted  that  some  of  the  water  contained  in  tho  buildings  wob  not 
potable  because  of  treatment  with  a  rust  Inhibitor.  Also,  containers  holding 
insignificant  water,  such  as  small  pipoB,  were  ignored. 
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II,  DATA 


1. 


Boston,  Mass.  30-32  N.  Bennet  Street 

1  Hot  Water  Heater  @  5,700  gal.  --------- 

1  Water  Closet  Flush  Tank  &  4  gal.  -------- 

1  Heating  Tank  (non- treated)  (0  147  gal.  ------ 

1  Mlsc.  @  165  gal.  ---------------- 


Recreation  Facility 

.  5,700 

.  4 

.  147 

.  165 

Total  6,016  gals. 


2.  Newark,  N.  J.  73-77  17th  Avenue  Rev.  Wm.  P.  Hayes  Apts, 

i  Hot  Water  Heater  @  2,200  gal.  2,200 

144  Water  Closet  Flash  Tank  @  4  gal.  -  -  - . 576 

Total  2,776  gals. 


3.  Bronx,  N.  Y.  C.  650  Grand  Concourse  Cardinal  Hayes  11.  S. 

1  Hot  Water  Heater  (<>  215  gal.  -  215 

3  Mlsc.  Hot  Water  Tank  (3  940  gal,  -  --  --  --  --  --  --  --  2.820 

Total  .3,035  gals. 


4.  Bronx,  N.  Y.  C.  1235  Grand  Concourse  Apartments 

l  Hot  Water  Heater  (J  2,800  gal.  -  --  --  --  -- . .  2,800 

Total  2,800  gals. 

5.  Bronx,  N.  Y.  C.  81  W.  182nd  Street  Apartments 

Total  U  gals. 


6.  Brooklyn,  N.  Y.  C. 


5101-23  1 3 tli  Avenue 


Apts, -Of  f ices 
Total  0  gals. 


7.  Brooklyn,  N.  Y.  C.  485  Bedford  Avenue 


Apartments 

Total  0  gals. 


8.  Manhattan,  N.  Y.  C.  304  Broadway 

1  Hot  Water  Heater  (?  120  gal.  -  -  -  -  - 
1  Holding  Tank  (3  10,000  gal.  ------ 
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Fordham  University 

-  -  -  -  120 

-  -  -  -  10,000 
Total  10,120*  gals. 


9.  Manhattan,  N.  Y.  C.  435  Hudson  Street 

1  Fire  Control  Tank  @  20,000  gal.  ...... 

1  Holding  Tank  &  Standpipe  @  15,000  gal.  -  - 
1  Mlsc.  Pressure  Tank  @  9,000  gal.  ----- 


Warehouse 

.  20,000 

.  15,000 

.  9.000 

Total  44,000  gals. 


10.  Manhattan,  N.  Y.  C.  300  Park  Avenue 

2  Fire  Control  Tank  @  3,500  gal.  . 

1  Hot  Water  Heater  @  1,500  gal.  ------ 

1  Holding  Tank  @  5,500  gal. . 

2  Misc.  @  11,500  gal.  . 


Colgate  Palmolive -Off ices 

.  7,000 

.  1,500 

.  5,500 

-  .  23.000 

Total  37,000  gals. 


11. 


Manhattan,  N.  r.  c.  302  W.  52nd  Street 

26  Water  Closet  Flush  Tank  @  9  gal.  . 

1  Mlsc.  on  top  (Pressure)  (ji  2,000  gal.  -  -  - 


Apartments 

■  •  -  234 


Total 


2,000 

2,234  gnls. 


12. 


Manhattan,  N.  Y.  C.  327  W.  75th  Street 

1  Fire  Control  Tank  @  3,500  gal. . - 

2  Hot  Water  Heater  (holding)  (a  740  gal.  -  -  - 

1  Holding  Tank  (a  11,500  gal. . 


Apartment s 

.  3,500 

. 1  ,480 

. 1 1 , 500 

Totnl  16,480  gnls. 


13.  Manhattan,  N.  Y.  C.  47-49  W.  129th  Street  Apartments 

Total  0  gnls. 

14.  Manhattan,  N.  Y.  C.  360  Cnbrini  Blvd.  Apartments 

1  Mlsc.  Pressure  Tank  @  5,000  gal. .  3 

Total  5,000  g„ 1 s . 


15.  Queens,  N.  Y.  C.  4107  10th  Street  Queen's  Bridge  housing  -Apts . 

\  Hot  Water  Heater  @  550  gal. 
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Tota  1 


140 

140  gals. 


16.  Queens,  N.  Y.  C.  14415  Sanford  Avenue  Coral  Garden  Apts. 

1  Holding  Tank  (3  3,500  gal.---- . 3,500 

Total  3,500  gals. 

17.  Rochester,  N.  Y.  37-49  South  Avenue  Simonds  Press-Printing  61  Store 

1  Sprinkler  System  @  629  gal.  ------------------  629 

1  Hot  Water  Heater  0  30  gal.  ------------------  30 

6  Water  Closet  Flush  Tank  @  4  gal.  ----------------  24 

Total  603  gals. 

18.  Washington,  D.  C.  2700  Connecticut  Avenue  Hampton  House  Apts. 

3  Hot  Water  Heater  0  80  gal.  ------------------  240 

1  Misc.  Hot  Water  Holding  0  1,695  gal . -------  -  1 ,695 

Total  1  ,935  gals. 

19.  Washington,  D.  C.  18th  and  C  StroetR  Dept,  of  Interior-Offices 

1  Fire  Control  Tank  filled  to  5'  ('•  7,400  gal.  . . 7,400 

3  Hot  Water  Heater  0?  1,040  gal.  -  --  --  --  --  --  --  --  --  3,120 

2  Holding  Tank  filled  to  5‘  0  7,400  gal.  ------------  14,800 

1  Air  Conditioner  (treated)  (3  31  ,600  gnl, . 31  , 6(H)* 

1  Mlsc.  (3  1,870  gnl.  -  --  -- . .  )  ,070 

Total  27.190  gnls. 

20.  Louisville,  Ky.  1011  W.  Market  Street  Apartments 

6  Water  Closet  Flush  Tank  (<!  4  gnl.  -  --  --  --  --  --  --  --  24 

Total  24  gnls. 

21.  Cleveland,  Ohio  917  Kuclld  Avenue  Union  Ccmimcrce-Of flees 

1  Hot  Water  Heater  0  400  gal.  -  --  --  --  --  --  --  --  --  -  600 

2  Hot  Water  Heater  0  1,200  gal.  -----------------  2,400 

6  Supply  Pipe  for  fire  control  0  64  gnl.  ------------  334 

1  Misc.  Pressure  Tank  0  3,000  gal.  -  --  --  --  --  --  --  --  -  3,000 

2  Misc.  Pressure  Tank  0  5,000  gal.  ---------------  10,000 

Total  16,186  gals. 

*  Treated  with  Borgana-600  (not  potable)  --  only  partially  filled  in  summer. 


22.  Philadelphia,  Pa.  257  S.  16th  Street  Sprucemont  Apts. 

3"  Copper  Supply  Pipe  0  74  gal.  -----------------  74 

1  Fire  Control  Tank  0  4,400  gal,  ----------------  4,400 

55  Water  Closet  Flush  Tank  @  4  gat.  ---------------  220 

1  Mlsc.  Pilot  Tank  0  500  gal. .  500 


Total  5,194  gals. 


23.  Memphis,  Tenn.  70  West  E.  H.  Crump  Blvd.  Watkins  products  Co. 

(Manufacturing  and  Offices) 

l  Fire  Control  Tank  @  7,520  gal.  ----------------  7,520 

1  Sprinkler  System  0  2,236  gal.  -----------------  2,236 

l  Hot  Water  Heater  @  75  gQi,  -----------------  75 


1  Mlsc.  @  19,830  gal. 


. 19,830 

Total  29,661  gals. 


24.  Chicago,  III. 


3456  N.  Damon  Avenue 
Access  Denied 


25.  Chicago,  III.  320  N.  Clurk  Avenue 

3  Hot  Water  Heater  0  35  gal.  --------- 

1  Hot  Water  Heater  0  940  gal.  --------- 

1  Hot  Water  Heater  0  235  gal.  -  --  --  --  -- 
1  Holding  Tank  0  33,593  gal.  -  --  --  --  -- 
40  Water  Closet  Flush  Tank  0  4  gal.  ------ 


Central  Office 
Building  of  Chicago 

.  105 

.  940 

.  235 

.  33,593 

.  160 

Total  33,033  gals. 


26.  Chicago,  Ill,  111  W,  Jackson  dlvd.  LaSa 1 le- Jackson-Of f ices 


1  Hot  Water  Heater  0  500  gal.  -  -  ---------------  300 

1  Holding  Tank  0  4,700  gal. . 4,700 

4  Air  Conditioner  (treated)  0  187  gal.  -------------  748* 

Total  5,200  gals. 


*  Not.  potable 
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27.  Chicago,  Ill.  10875-81  S.  Racine  Ave.  Racine  Courts-Apts. 

4  Hot  Water  Heater  @  30  gal.  ----  ..............  120 

4  Water  Closet  Flash  Tank  @  4  gal.  ---------------  16 

Total  136  gals. 

28.  Indianapolis,  Ind.  604  E.  38th  Street  Public  School  66 

1  Hot  Water  Heater  0  141  gal.  ------------------  141 

3  Heating  Tank  (non- treated)  @  300  gal.  -------------  900 

Total  1,041  gals. 

29.  Houston,  Texas  619  Main  Street  Darling  Shop  £»  Othcrs-Stores 

1  Hot  Water  Heater  0  648  gal. . ...  648 

1  Air  Conditioner  (non- treated)  cooling  tower  0  479  gnl.  -  -  -  -  479* 

Total  648  gals. 


*Not  covered  or  protected  from  fallout 

30.  St.  l.oii is,  Mo.  1010  Tine  St.  S.  W.  Hell  Telephone  Co. 

(Exchange  and  Offices) 


2  Fire  Control  Tank  0  4,660  gal.  -  9,320 

6  Hot  Water  Heater  0  206,2  gnl.  -  --  --  --  --  - .  1,237 

1  holding  Tank  0  19,070  gnl.  -------------  .  19,070 

1  Holding  Tank  0  10,000  gnl.-----------------  -  10,000 

1  Air  Conditioner  (treated)  0  12,000  gnl,  ............  12 ,000* 

Total  39,627  gnls. 


*Not  potable 


31.  Los  Angeles,  Calif.  403  W.  8th  Street  Garfield  Uldg. -Of f i ces 

l  Hot  Water  Heater  0  529  gal.  -----------------  529 

1  Holding  Tank  0  1904  gal.  -  1,904 

1  Restaurant  Holding  Tank  0  141  gal.  --------------  141 

To ta 1  2 , 574  gals . 
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32.  San  Francisco,  Calif.  650  5th  Street  Western  Machinery  Co.-Mfg. 


10  Sprinkler  System  @  2.3  gal.  -----  .  --------  23 

1  Hot  Water  Heater  @  40  gal.  -------------------  40 

l  Heating  Tank  (non-treated)  @  4  gal.  ---------------  _4 

Total  67  gals. 

33.  Seattle,  Wash.  1215  4th  Avenue  Stimpaon  Bldg. -Of flees 

11  Sprinkler  System  @  12  gal.  -------------------  132 

1  Hot  Water  Heater  (<?  118  gal.  -  --  --  --  --  --  --  --  --  --  118 

1  Hot  Water  Heater  @  236  gal.  -------------------  236 

Totnl  486  gals. 
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Appendix  L 


Evaluation  of  “Technical  Operations,  Inc. , 
Model  Experiment  Report  TO-B  62-26M 


Hi  la  Appendix  was  originally 
submitted  to  OCD  aa  Research 
Memorandum  RM  01-3,*  except 
for  minor  editorial  changes. 


*W.  0.  Doggett  (Consultant,  Professor  of  Physics,  North  Carolina  State  of  the 
University  of  North  Carolina  at  Raleigh).  Evaluation  of  "Technical  Operations. 
Inc. ,  Model  Experiment  Report  TO-B  62-26".  Research  Memorandum  RM  81-3. 

Durham,  North  Carolina:  Operations  Research  Division,  Research  Triangle 
Institute,  5  November  1962. 


ABSTRACT 


The  Technical  Operations,  Inc.,  preliminary  model  data  for  a  windowless 
structure  with  20  psf  wall  and  floor  thicknesses  (Reference  l)  were  compared 
with  calculations  based  on  the  Engineering  Manual.  (These  comparisons  do  not 
include  correction  factors  for  source  anisotropy  and  tubing  attenuation  which 
were  reported  by  Tech  Ops  (Reference  2)  after  the  RTI  analyses  were  completed.) 

It  is  shown  that  the  Engineering  Manual  calculations  underestimate  the  dose 
rate  or  reduction  factor  by  the  same  percent  (15-20  percent  for  wide  strips 
and  50-55  percent  for  narrow  strips)  os  the  National  Fallout  Shelter  Survey 
Computer  Program.  This  difference  is  probably  due  to  inherent  differences 
in  the  experimental  and  computational  models.  It  is  recommended  that  pene¬ 
tration  data  such  as  that  presented  in  the  Engineering  Manual  be  developed  for 
the  radiations  of  cohalt-60  and  attenuation  characteristics  of  steel.  The 
increasing  discrepancy  for  close-in  narrow  Btrips  from  which  the  direct 
radiation  must  pass  through  a  floor  to  reach  the  detector  1b  believed  to  be 
due  In  part  to  an  Inaccuracy  in  cstimoting  the  attenuation  of  direct  radiation. 
An  alternative  method  is  suggested  for  approximating  the  combined  wall  and  floor 
barrier  factor.  It  is  also  shown  that  essentially  no  error  is  incurred  in 
scaling  up  the  model  data.  No  revisions  to  the  Computer  Program  aic  recommended 
on  the  basis  of  this  analysis. 
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Appendix  L 


Evaluation  of  Technical  Operations,  Inc.,  Experiments 
on  a  Multistory  Windowless  Building 


I.  INTRODUCTION 


A.  The  Project 

One  of  the  major  tasks  of  OCD  Project  1115A  was  to  "evaluate  new  information 
on  shielding  produced  by  other  projects."  This  appendix  presents  the  RTI  evalua¬ 
tion  of  a  research  report  that  could  affect  the  calculation  of  building  protection 
factors.  A  summary  of  RTI's  review  of  shielding  research  is  contained  in  Part  I, 
Chapter  6. 

B.  Background 

Technical  Operations,  Inc.  of  Burlington,  Mass.,  (Tech  Ops)  lias  conducted  a 
scries  of  gamma-ray  experiments  on  model  buildings  under  contract,  with  the  Offico 
of  Civil  Defense.  In  these  reports,  a  preliminary  comparison  of  the  data  was 
made  with  the  results  predicted  by  the  Architects  and  Engineers  Guide  (Reference 
3)  and  the  Notional  Fallout  Shelter  Survey  Computer  Program  (Rcforcncc  4).  It 
was  found  by  Tech  Ops  that  the  functional  dependence  of  the  finite-field  correction 
factors  on  the  geometric  parameters  which  characterise  limited  planes  of  contamina¬ 
tion  is  essentially  correct;  however,  the  computationol  procedure  of  the  Computer 
Program  underestimates  the  absolute  dose  rate  (overestimates  the  protection  factor) 
that  was  experimentally  measured. 

C.  Purpose 

The  purpose  of  the  RTI  investigation  was  twofold;  (a)  to  compare  the  experi¬ 
mental  data  for  20  psf  wall  and  floor  mass  thicknesses  with  calculations  made 
according  to  the  more  precise  Engineering  Manual  method  (Reference  5);  and  (b)  to 
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recommend  revised  procedures  wherever  possible.  It  is  assumed  that  the  reader 
is  familiar  with  the  Tech  Ops  report  (Reference  1)  and  the  Engineering  Manual 
(Reference  5). 

D.  Tech  Ops  Experiments 

The  first  phase  of  the  Tech  Ops  program  was  an  investigation  of  the  effect 
of  limited  planes  of  contamination  on  the  dose  rate  in  a  multistory  windowlcss 
building  with  20  paf  wall  and  floor  mass  thicknesses  (Reference  1).  A  six- 
atory  36  x  AO  x  72*foot  high  building  was  simulated  by  a  model  structure  with 
a  1/12  scale  factor  and  l/2*inch  thick  (20  psf)  steel  wallB  and  floors.  Quarter 
symmetry  pianos  of  contamination  were  formed  by  closely  spaced  cobolt-CO  point 
sources  near  the  building  and  by  tho  pumped  source  method  in  outer  planes.  Dose 
measurements  were  made  in  throe  horizontal  planes  above  each  floor  at  points 
in  each  pi  one  near  the  corners  and  at  the  center  of  the  building. 

E.  Summary  of  RTI  Analysis 

In  the  following  sections,  a  detailed  analysis  of  the  data  presented  in 
Reference  1  is  carried  out.  Tills  analysis  docs  not  include  correction  factors 
for  source  anisotropy  and  tubing  attenuation  which  were  reported  by  Tech  Ops 
(Reference  2)  after  the  RTI  analysis  was  completed.  An  evaluation  of  the 
errors  associated  witli  scaling  up  the  experimental  results  is  presented  in 
Section  II.  It  was  estimated  that  the  sealed-up  data  should  be  multiplied  by 
about  1.04  to  account  for  scaling  errors  for  20  psf  mass  thicknesses.  The 
variation  of  dose  rate  with  width  of  the  contaminated  field  is  discussed  in 
Section  III.  It  was  found  that  calculations  made  using  the  Engineering  Manual 
underestimated  the  measured  dose  rates  by  about  the  same  amount  as  that  noted 
by  Tech  Ops  when  using  the  Computer  Program,  Tho  relative  magnitude  of  the 
underestimate  increased  as  the  width  of  the  plane  became  smaller.  The  increasing 
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discrepancy  for  close-in  narrow  planes  from  which  the  direct  radiation  must 
pass  through  a  floor  to  reach  the  detector  is  believed  to  be  due  in  part  to 
an  inaccuracy  in  estimating  the  attenuation  of  direct  radiation.  An  alternative 
method  is  suggested  in  Section  III  for  approximating  the  combined  wall  and  floor 
barrier  factor.  Details  of  all  calculations  are  presented  in  the  TABS. 


II.  EVALUATION  OF  SCALING  ERRORS 


A.  Introduction 

Several  criteria  must  be  satisfied  in  order  for  acalcd-up  model  data  to  be 
representative  of  a  full-scale  experiment.  If  these  criteria  arc  not  mot,  a 
discrepancy  between  ncalcd-up  data  and  calculations  on  »  full-scali  structure 
may  be  due  both  to  scaling  errors  and  to  errors  in  the  computational  procedure. 
Therefore,  before  comparing  the  data  with  full-scale  calculations,  it  was 
necessary  to  estimute  scaling  errors  which  were  not  evaluated  quantitatively 
by  Tech  Ops. 

B.  Air  Donsltv  Effects  on  Scaling 

Tlie  scaling  laws  arc  difficult  to  satisfy  and  were  not  entirely  obeyed  in 
the  Tech  Ops  experiments  (see  p.  57,  Reference  1).  The  model  accurately  simu¬ 
lated  the  full-scale  building  in  geometry  and  mass-thickness;  however,  it  was 
not  possible  to  increase  the  air  density  to  achieve  the  same  mass  thickness 
between  the  source  and  building  in  the  model  os  would  exist  in  the  full-scale 
case.  Hie  error  due  to  this  effect  was  essentially  eliminated  by  a  computa¬ 
tional  technique  presented  in  Reference  1.  An  ambiguity  remains  in  determining 
the  proper  thickness  of  steel  to  simulate  the  full-scale  walls  and  floors.  Steel 
has  neither  the  scaled-up  density  nor  the  same  scattering  and  absorption  cross 
sections  as  that  used  for  the  attenuation  curves  in  the  A&E  Guide  and  Engineering 
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Manual.  In  the  current  analysis,  the  model  and  full-scale  structure  were  assumed 
to  have  the  same  mass  thicknesses. 

C.  Comparison  of  Experimental  Data  with  Computations  In  Model  and  Full-Scale  Geometry 
The  height  of  the  scale  model  (6  ft)  was  sufficient  to  allow  a  direct  calcula¬ 
tion  of  the  reduction  factor  (RF)  with  the  Engineering  Manual  using  the  actual 
dimensions  of  the  model.  It  was  expected  that  the  calculated  RF  would  not  agree 
precisely  with  the  observed  data  owing  to  the  facts  that:  (a)  some  simplifying 
assumptions  had  to  be  made  in  developing  the  manual;  (b)  iron  was  used  in  the 
model,  whereas,  the  manual  is  bused  on  water;  and  (c)  nearly  monoenergctic  gammas 
were  used  in  the  experiment  rattier  chan  a  fallout  spectrum.  The  RF  at  a  point 
midway  between  the  4th  and  5th  floors  (3!,  ft  above  ground  level)  in  the  center  of 
the  model  building  was  determined  from  the  data  to  be  0.53  (see  TAD  1).  An 
Engineering  Manual  calculation  using  actual  model  dimensions  gave  the  result 
0.43  (see  TAD  2).  If  no  errora  were  introduced  in  scaling  up  the  data  to  a 
full-sice  structure,  the  ratio  of  the  RF  obtained  from  the  scaled-up  data  to 
that  calculated  with  the  manual  for  the  full-scale  case  would  he  the  Bame  ns 
the  above  rat  lo  ,0 . 53/0 .  A3  **  1.23.  Hie  RF  from  the  scaled-up  data  for  the  same 
location  in  the  building  was  0.216  (sec  TAB  3),  whereas,  the  RF  calculated  with 
the  manual  for  the  full-scale  building  was  0,103  (see  TAB  4).  Comparison  of 
this  ratio  (0.216/0.103  =  1.10)  with  1.23  above  indicates  that  the  correction 
factor  needed  due  to  the  scaling  error  is  approximately  1.04.  The  correction 
associated  with  this  factor  (4  percent)  is  oi  the  order  of  the  scatter  of 
dosimeter  readings  (5  percent),  (p.  16,  Reference  1)  and  probably  should  be 
neglected. 


III.  EVALUATION  OF  LIMITED  FIELD  DATA 


A.  Introduction 

The  finite  field  correction  In  the  National  Fallout  Shelter  Survey  Computer 
Program  la  baaed  on  the  parameter  VWH,  where  Wc  la  the  plane  width  and  H  la 
the  detector  height.  Hie  width  is  measured  from  the  edge  of  the  building  to 
the  outer  periphery  of  the  contamination.  Tech  Ops  found  that  the  observed 
data  plotted  versus  Wc/ll  fell  above  the  values  predicted  by  the  Computer 
Program.  Before  revising  the  program  to  force  agreement  with  experimental  data, 
it  must  be  ascertained  whether  a  difference  should  exist  due  to  basic  differences 
in  the  experimental  and  computational  models. 

B.  Computational  Procedure 

Tlie  more  sophisticated  computational  procedure  of  tho  Engineering  Manual 
is  more  reliable  than  the  simplified  method  of  the  A&E  Guido  or  the  Computer 
Program.  Consequently,  comparison  of  the  data  with  predictions  baBcd  on  tho 
manual  will  give  an  indication  of  the  basic  error  to  be  expected  in  the  Computer 
Program.  Furthermore,  scaling  errors  can  be  avoided  by  performing  calculations 
directly  in  model  geometry.  The  computational  procedure  is  presented  in  TAB  5. 
Hie  results  for  a  detector  position  at  the  center  and  midway  between  the  Ath 
and  5th  floors  (position  E,  3i  ft  above  tho  ground)  arc  shown  in  Figures  hi 
and  D2.)  Tills  detector  location  was  chosen  because  its  symmetry  greatly  simpli¬ 
fied  computations  and  its  height  was  very  nearly  the  standard  value  (3  ft). 

Not  included  In  this  report  arc  analyses  of  the  basement  data  and  the  variation 
in  dose  rate  due  to  changes  in  detector  height  between  floor  levels  and  as  the 
detector  is  moved  toward  the  outer  walls. 

C.  Analysis  of  Cumulative  Data 

It  is  seen  in  Figure  L-l  that  the  theoretical  results  lie  about  15-20 
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percent  below  the  experimental  data  for  wide  planes  and  lie  considerably 
more  below  for  narrow  planes.  Since  it  is  believed  that  Engineering  Manual 
calculations  agree  rather  well  with  infinite  field  data  for  a  fallout  spec¬ 
trum  and  walls  with  atomic  characteristics  of  water  in  a  simple  windowlcBB 
structure,  the  above  disagreement  must  be  attributed  to  uae  of  cobalt-60 
and  steel  in  the  model.  It  is  concluded  that  the  computer  program  would 
also  underestimate  the  data  by  this  amount--a  fact  which  was  observed  by 
Tech  Ops  for  this  detector  position  (see  Figure  19,  Reference  1).  Therefore, 
no  revision  of  cho  Computer  Program  is  needed  for  tills  case  for  wide  planes. 

It  is  recommended  that  penetration  data  such  as  that  presented  In  the  Engi¬ 
neering  Manual  be  developed  for  the  radiations  of  cobalt-60  and  attenuation 
characteristics  ol  steel.  Then,  comparison  of  calculations  with  model  data 
will  shed  light  directly  on  the  errors  noaocintcd  with  the  simplifying 
assumptions  made  in  the  manual.  Basic  data  are  available  for  vertical  wall 
barrier  factors  for  cobalt-60  ganmas  incident  on  concrete  (Figure  B25, 
Reference  6)  and  a  1,12-hr  fission  spectrum  incident  on  water  (Figure  20.7, 
Reference  6).  The  barrier  factors  for  a  20-psf  effective  moss  thlckncsB 
for  these  cases  are  0.315  (U  ■  3  ft)  and  0.30  (d  »  3.3  ft),  respectively. 

These  data  indicate  that  computations  based  on  a  fission  spectrum  will  under¬ 
estimate  experimental  results  for  cobalt-60  gammas.  Tills  trend  was  observed. 
D.  Analysis  of  Data  Cor  Individual  Source  Rings 

A  comparison  of  the  predicted  and  measured  dose  rate  from  each  source  ring 
Is  shown  In  Figure  L2.  Generally,  the  calculated  results  fall  somewhat  below 
the  experimental  points.  This  fact  is  expected  in  view  of  the  infinite  field 
comparison  (see  TABS  1  and  2).  Agreement  is  good  for  those  source  rings 
(numbers  5-11)  beyond  the  floor  shadow.  On  the  other  hand,  the  calculated 
points  fall  considerably  below  the  experimental  points  for  the  close-in  rings 
for  which  the  direct  radiation  must  pass  through  the  4th  floor. 
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FIGURE  L-2 


DOSE  RATE  IN  MODEL  AT  POSITION  E, 
4th  FLOOR.  FULL  SYMMETRY  WITH 
SOURCE  DENSITY  2.01  mc/ft.2 
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Comparison  of  the  relative  contribution  of  the  direct  and  scattered  radiation 
for  the  various  source  areas  indicates  that  the  calculated  direct  contribution 
may  be  underestimated.  If  the  calculated  wall-scattered  contribution  is  assumed 
to  be  approximately  correct,  one  can  estimate  what  the  direct  contribution  should 
be  from  the  experimental  data.  As  seen  in  Table  L-I,  for  ring  2  this  value  is 
0.014  to  be  compared  with  the  calculated  0.005. 

TABLE  L-I 

Reduction  Factors 

Total  RF  Scattered  Total  Minus  Direct 

Ring  (Experimental!  (Calculated!  Scattered  (Calculated! 

2  0.021  0.007  0.014  0.005 

5  0.027  0.015  0.012  0.007 

Similarly  ,  for  ring  3  the  calculated  direct  contribution  of  0,007  is  less  than 
the  0.012  expected  from  the  experimental  data.  Ilicse  results  suggest  that  the 
product  of  the  barrier  reduction  factors 

in  equation  (L21)  gives  a  value  too  small.  It  seems  reasonable  to  replace  this 

expression  by  B  (X',11.)  in  which  X'  is  the  horizontal  projection  of  the  combined 
W  C  I  c 

floor  and  wall  thickness  penetrated  by  the  direct  radiation  (Figure  1,-3).  For 
ring  3  located  0  ft  away  from  the  center  of  the  building,  wc  have  (11  •  3lj  ft), 

Xe  "  xe  +  xi  xr  “  06  psf  <L2> 

and  B  (X '  ,H  )  =  0.2.  Witli  this,  t:ic  calculated  direct  contribution  is  0.012  which 

W  C  1 

is  equal  to  the  (total  experimental  minus  wal 1 -scattered)  contribution  as  given  in 
Table  L-I. 
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FIGURE  L-3 

Path  of  Direct  Radiation  F 
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TAB  1 


The  reduction  factor  (RF)  is  defined  as  the  ratio  of  the  dose  rate  at 

a  sheltered  point  to  the  dose  rate  outside  at  3  ft  above  a  smooth  area  of 

infinite  extent  uniformly  contaminated  with  fallout.  The  Tech  Ops  data  In 

Tables  1  through  22  of  Reference  1,  are  normalized  so  that  they  represent 

2 

dose  rates  In  r/hr  for  a  source  strength  of  1  curle/ft  .  In  order  to  obtain 
the  RF  for  a  point  located  midway  between  the  fourth  and  fifth  floors  (Table 
14,  Reference  1)  at  the  center  (position  E),  It  is  necessary  to  determine  the 
far* field  contribution  to  the  measured  dose  rate  from  that  region  beyond  the 
outermost  source  area  27  and  to  calculate  the  doso  rate  at  3  ft  above  an 
infinite  field  with  source  intensity  1  curie/ft2. 


II.  DOSE  RATE  ABOVE  AN  INFINITE  PLANE 
Consider  first  the  dose  rato  above  an  Infinite  plane.  The  dose  rate  at  p 
ft  away  from  a  point  source  of  strength  C  curios  with  no  attenuation  is  (Refer* 
ence  7): 

D  -  6  CE/p2  ,  r/hr  (L3) 

in  which  E  Is  the  gamma  energy,  Mev/dlnlntegrotlon.  The  dose  rate  at  H 


FIGURE  L-4 


eometry  for  Infinite  Plane  Calculation 
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above  the  plane  In  Figure  L-A  due  to  the  element  of  source  dC  on  the  strip  in 
the  plane  is 


'M0P  2 
dD  -  6E  B(pop)  e  u  dC/p‘ 


(LA) 


in  which  dC  ■»  2«rdra  ,  where  a  is  the  source  Intensity  in  curiee/ft  .  The 
buildup  factor  B(pop)  and  exponential  factor  account  for  multiple  scattering 
and  absorption  in  air.  From  Figure  L-A  we  see 


2  2  2 
p  -  H  +  r 


(L5) 


from  which 


pdp  ■  rdr  .  (L6) 

Integrate  equation  (LA)  to  obtain  the  dose  rata  for  an  infinite  piano 

iOO 

nu 

(L7) 


1)  ■  12nsrE  o*K 


dx 


“o" 


in  which  equation  (1.6)  was  InsortcU  and  was  replaced  by  x.  Tlio  buildup 
factor  for  u  point  cobolt-60  source  on  the  ground  is  (Reference  8) 

-86. lx 


B(x)  -  1.11  +  0.529  x  +  0. 157e 


(L8) 


Integration  of  equation  (L7)  with  B(x)  replaced  by  equation  (L8)  gives 


-u  H 


D  -  12nE  a [1.11E1 (uoH)  +  0.529c  °  +  0.157E1 (87.1UoH) ] 


(L9) 


Values  of  the  E^  functions  are  available  in  Appendix  C  of  Reference  9.  For 

2 

cobalt -60  we  have  6E  «  lA.^/p^  “  O' 0567  cm  /gm  for  1.25  mov  photons  (Reference 
9)  and  -  1.25  gm/liter  for  air  at  50°F  (assumed).  The  reciprocal  mean  free 
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path  Is  Wo  *■  0.0567  x  0.00125  x  30.5  «■  0.00216  ft"1.  At  H  «  3  ft,  equation 
(L9)  reduces  to 

D  *>  490a  (L10) 

2 

which  states  that  a  unit  source  intensity  a  «  1  curlc/ft  will  produce  a  dose 
rote  of  490  r/hr  at  3  ft  above  the  infinite  plane  source.  Tills  compares 
favorably  with  the  value  497  r/hr  quoted  on  p.  17,  Reference  1,  and  used  by 
Tccli  Ops  for  normalization  purposes.  The  small  difference  Is  probably  due 
to  the  use  of  a  different  air  temperature  and  representation  for  the  buildup 
factor.  For  subsequent  calculations  the  497  value  will  be  used. 

III.  FAR-FIEED  CONTRIBUTION 


Consider  next  the  far-field  contribution.  Knowledge  of  the  ratio  of  the 
dose  rate  duo  to  the  source  beyond  r  *  50.2  ft  to  that  due  to  the  source  in 
the  ring  between  r^  *»  47.7  ft  and  r^  -  50.2  ft  (outermost  source  oroa  27  In 
Table  14,  Reference  1)  would  permit  the  calculation  of  the  far-field  effect 
using  the  doBC  rate  measured  in  the  outermost  ring.  This  ratio  can  be  esti¬ 
mated  by  neglecting  the  presence  of  tile  building.  The  dose  rate  due  to  the 
ring  i s  (see  Figure  1,-4  and  Equation  (I,7)>: 


D(r  — 


t  )  ■  12naE 
o 


Mill 


dx 


(1.11) 


in  which  and  arc  the  slant  radii  given  by  equation  (L5) .  For  distances  p 
of  the  order  of  50  ft,  the  exponential  term  in  (L8)  can  be  dropped.  Therefore, 
we  obtain 


D(io - v  o>) 

D(r  . - >  r  ) 

l  o 


i.u;ei(vv 


1.11  E.  („  „  )  +  0.529c  M°P° 

1  o  o _ _ _ 

“II  Ui  *11  p 

‘  Ei  (vV'j  +  °- 529  (c  ° 


(El  2) 


E-l  5 


-1 


With  H  “  3*j  ft,  uQ  =  0.00216  ft  ,  pi  ■  47.8  ft,  and  Pq  -  50.3  ft,  we  get 


D(r  - >oo  ) 


44  . 


(L13) 


Tills  ratio  can  be  roughly  checked  with  results  from  Figure  8  of  the  Engineering 
Manual  (Reference  5)  or  p.  32  of  the  Spencer  Monograph  (Reference  6). 


D(50.3  ft) _  ?  50 

D(47.8  ft)-  D(50. 3  ft)  0.01 


The  dose  rate  In  the  building  due  to  area  27  Is  0.84  r/hr  (position  E,  Table  14, 
Reference  1).  The  dose  rate  duo  to  the  region  beyond  aron  27  is,  therefore, 
approximately  44  x  0.84  -  37  r/hr. 


IV.  RF  AT  CENTER  OF  FOURTH  FLOOR 


The  dose  rate  due  to  all  areas  outBldc  Lhc  building  for  which  measurements 
were  made  Is  28.9  r/hr  obtained  by  summing  all  values  In  columns  E  In  Table  14 
of  Reference  1.  Hence  for  quarter  symmetry,  the  Infinite  field  dose  rato  Is 
28.9  +  37  «■  66  r/hr,  and  for  full  circular  symmetry  It  Is  4  x  66  *■  264  r/hr. 

The  reduction  factor  Is  the  ratio  of  this  to  the  dose  rate  at  H  •  3  ft  In  the 
absence  of  the  building  previously  found  to  be  497  r/hr, 

RF  -  264/497  «  0.53  .  (L14) 

It  is  noted  that  the  far-field  contribution  comprises  56  percent  (37/66)  of  the 

total  dose  rato.  Consequently,  an  error  in  its  estimate  will  seriously  affect 

the  accuracy  of  the  total  dose  rate.  The  presence  of  the  building  with  attenuating 

walls  has  the  effect  of  making  the  actual  dose  ratio  D(r  — — >oo)/D(r. - >  r  ) 

o  i  o 

less  than  thal  estimated  with  equation  (L13)  for  no  building.  This  is  due  to  the 
fact  that  the  lower  energy  multiple  scattered  radiation  coming  from  the  far-field 
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region  will  be  attenuated  more  by  the  walls  than  the  more  direct  radiation 
from  the  nearer  sources.  Thus,  the  RF  in  equation  (L14)  should  be  reduced 
somewhat. 
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TAB  2 


Theoretical  Reduction  Factor  In  Model 

I.  MODEL  DESCRIPTION 

The  model  dimensions  are  great  enough  to  permit  a  direct  calculation  of  the 
reduction  factor.  The  building  Is  schematized  In  Figure  L~5.  The  detector  le 

FIGURE  L-5 

Model  Structure  (X£  -  ■  2Q  pad 

W  -  36.5  " 
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located  approximately  at  the  center  of  the  volume  between  the  4th  and  5th  floors 
(position  E,  6  In.  above  6th  floor)  which  is  42.5"  ■  3.54  ft  above  the  ground. 
Dimensions  are  obtained  from  Figure  3,  Reference  1.  A  detail  showing  room  heights 
and  floor  thicknesses  In  inches  for  solid  angle  fraction  computations  Is  presented 
In  Figure  L*6. 

FIGURE  L-6 

Detail  for  Solid  Angle  Fraction-  Calculations 


- y/  0.5" 

n.sp 

wWMS  MM  q  5 " 


11.5^ 

? _ _ _ ^  0.5" 

11.5"  \ 

Floor  __1 _ ^0.5" 


Assumed 

Detector  Plane 
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II.  REDUCTION  FACTOR  CALCULATIONS 

The  reduction  factor  la  calculated  according  to  the  procedure  presented  In 
Example  No.  7  of  tho  Engineering  Manual.  The  requisite  data  are  tabulated  In 
Table  L-IZ,  and  the  calculations  are  In  Table  L-III.  Extrapolations  were  made  in 
Charts  2  and  6  of  the  Engineering  Manual  to  obtain  data  for  heights  below  3  ft. 
The  calculated  reduction  factor  Is  0.43. 


TABLE  L-II 

Model  Data  from  Engineering  Manual 
(All  references  are  to  Reference  5) 


O^oyH) 

(H-3.54*) 

U> 

G#(a>) 

w 

a-w/L 

n-2Z/L 

Chart 

3  Chart  6 

Chart  5 

Chart  5 

3 

1 

* 

3 

36.5/49 

2x5.75/49 

0.77 

0.58 

0.236 

0.060 

-0.746 

-0.224 

U)  1  »  (U,1 

u  1 

0.746 

2x17.75/49 

0.39 

0.78 

0.410 

0.089 

-0.725 

U>"  ■  o)i* 

0.746 

2x29.75/49 

0.22 

0.84 

0.452 

0.095 

u  1 

-1.21 

H 

»W(X,-20.H) 

Vo 

W 

Chart  1 

w 

Chart  i 

1.54 

Chart  2 

Case  1 

Case  3 

0.65 

20 

0.20 

0.25 

2.54 

0.62 

40 

f  .11 

0.10 

3.54 

0.59 

4.54 

0.57 

5.54 

0.55 

s„(Xe  "  20)  "  0,35  <ch4,rt  7> 

E  (e  -  0.746)  -  1.4  (Chart  8) 

C  (co  •  u>'  "  0.22,  X  «  60)  -  0.04  (Chart  4) 

0  o  u  o 

Skyehlne  factor  for  decontaminated  roof  with  XQ  -  60  is  0.07  (page  17). 


i 
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TABLE  L-III 


Engineering  Manual  Calculation  for  Model  (Xg  -  20  p»f,  H  -  3.54  ft) 

Through  4th  floor  walle  (adjacent) 

(V'V  +  C.(wl3  SwE  "  (0>236  +  °-236>  *  0-35  x  1.4  -  0.231 
(5a(cV  +  Cd(“l‘H5  <l'8w>  "  (0-060  +  0.58)  x  0.65  -  0.415 
Cg  “  Gg  Bv(Xe»H>  "  <0>2n  +  0.415)  *  0.59  -  0.38 
Through  5  th  floor  walla  (celling)  (H  -  4.54.  X '  -  20) 

U  o  9 

[G.K>  '  G.K>]  SwE  "  (0-41  "  0 * 236)  x  0.35  x  1.4  -  0.085 
[W  -  GaK)]  "  (0-009  -  0.060)  x  0.65  -  0.0188 

Cg  *  Gg  VXe‘V  Bo(Xo>  "  (0.085  +  0.0188)  x  0.57  x  0.25  -  0,015 
Through  6th  floor  walla  (ceiling)  Hu  -  5.54',  X^  -  40) 

?.«<>  *  CeK3SwE  "  (0,452  "  °'4l0>  *  °-33  x  1.4  -  0.021 
[G.K>  '  °a<U)u)]  (l"V  “  (0l0W  "  0-089>  *  0.65  -  0.004 

°g  “  C8  WV  Bo<Xo>  “  (°*021  +  0-004)  x  0.55  x  0.1  •  O.QQl 

Roof  Contribution  (m  •  to",  X„  -  60) 
o  u  o 

(Skyihlne  factor)  x  Co(u>o,X0)  -  0.07  x  0.04  •  Q.QQ3 
Through  3rd  floor  walle  (H^  ■  2.54,  Xf  •  20) 

[0g(cop  -  C|(<ol)J  SwE  •  0.085  (tamo  aa  5th  floor) 

£d(aVH)  “  Gd<uVH>]  (l-sw)  "  (0-78  -  0.58)  x  0.65  -  0.13 

Cg  "  Gg  V*.."i>  W  "  (0.085  +  0.13)  x  0.62  x  0.20  ■  0.027 
Through  2nd  floor  walla  (^  -  1.54,  Xf  -  40) 

(S^'P  ‘  SWE  *  0-021  (same  aa  6th  floor) 

[?<l(“l,H)  ‘  Gd(“p «)]  (l~sw)  “  (0.84  *  0.78)  x  0.65  -  0.039 

Cg  "  Gg  Bt/Xe  ,HP  VXf>  “  (0-021  +  0.039)  x  0.65  x  0.11  -  0.QQ4 
Through  lat  floor  walla 
Negligible 

Sum  of  Og'a  ■  Reduction  Factor 

RF  -  0.38  +  0.015  +  0.001  +  0.003  +  0.027  +  0.004  -  0,43 
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TAB  3 


Conversion  of  Model  Data  to  Full-Scale  Data 
X,  CONVERSION  METHOD 

The  model  data  were  scaled  up  by  Tech  Ops  and  presented  graphically.  In  order 
to  obtain  precise  numerical  values  ior  the  purposes  of  this  report,  the  data  are 
scaled  up  herein,  following  the  method  presented  in  Reference  1,  p.  57.  The  basic 
method  consists  of  multiplying  the  measured  dose  rate  for  an  area  by  a  ratio  R 
which  converts  the  model  dose  rate  to  the  full-scale  dose  rote.  The  ratio  R 
accounts  for  the  difference  In  air  attenuation  in  the  model  and  that  for  the  full- 
scale  structure.  It  is  esi (mated  by  evaluating  the  dose  rate  in  the  absence  of  the 
building  for  each  case  in  a  manner  similar  to  that  presented  In  TAB  1  for  the 
fur-field  correction,  l-'or  simplicity,  the  source  areas  nro  converted  to  cir¬ 
cular  strips  or  vlngs  having  the  same  area.  Tlu-  conversion  ratio  R  for  cuch  of 
the  areas  is  listed  in  Reference  1,  p.  62. 

IT.  DATA  CONVERSION 

The  scaling  computations  are  shown  In  tabular  form  In  Table  L-IV.  The  experi¬ 
mental  data  are  taken  from  Table  14,  position  E,  Reference  1,  and  the  ratio  R  is 
that  for  a  height  of  1\  ft  in  the  model.  The  full-scale  data  in  the  5th  column 
in  Tabic  L-IV  are  normalized  so  that  they  represent  dose  rates  for  full-symmetry 
contamination  with  u  source  intensity  that  will  produce  a  dose  rate  of  1  r/hr 

at  3  ft  above  an  infinite  plane.  The  model  uota  in  the  4th  column  are  based  on 

2 

a  source  density  of  1  curie/fl  in  quarter  symmetry.  Since  an  infinite  field 
with  this  unit  density  will  produce  a  dose  rate  of  497  r/hr,  the  normalizing 
factor  is  4/497  =  0.00804  which  appears  In  the  heading  of  column  5.  The  cumu¬ 
lative  full-scale  experimental  dose  rate  in  the  last  column  indicates  that  the 
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dose  rate  in  an  infinite  field  surrounding  the  model  is  0,216  r/hr.  The  ratio 
of  0.216  r/hr  to  the  infinite  field  dose  rate  1  r/hr  gives  the  reduction  fac¬ 
tor  0,216  for  the  full-scale  building  at  the  center  of  the  volume  between  the 
4th  and  5th  floors. 
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TABLE  L-IV 


Scaled-Up  Data  for  Position  E.  6  ft  above  4th  Floor 

(All  references  are 

to  Reference  1) 

Ring  Mo. 

Source 

Areas 

fl 

FS  model 
Ratio  R 
at  3.5  ft 
(Table  273 

H 

Exp . 
Dose 
Rate 

(Table  14) 

Full-Scale 
Dose  Rate  » 
0.008  x  Dfl  x 

Cumulative 
Full-Scale 
fej  Exp.  Dose  Rate 

1 

A,C,G 

0.97 

1.652 

0.0129 

0.0129 

2 

B,D,F ,E,H 

0.95 

2.617 

0.0200 

0.033 

3 

4,5,6 

0.90 

3.36 

0.0242 

0.057 

4 

7,8,9 

0.85 

3.89 

0.0265 

0.084 

5 

10,11,12 

0.79 

3.96 

0.0252 

0.109 

6 

13,14,15 

0.74 

3.07 

0.0182 

0.127 

7 

16,17,18 

0.68 

2.54 

0.0138 

0.141 

8 

19,20,21 

0.63 

2.09 

0.0105 

0.151 

9 

22,23,24 

0.57 

1.75 

0.0080 

0.159 

10 

25,26 

0.62 

3.14 

0.0156 

0.175 

11 

27 

0.48 

0.84 

0.0032 

0.178 

12 

Far-field 

5.6* 

m 

0.0378 

0.216 

*Ratlo  of  full-scale  far-fleld  dose  rate  to  model  data  for  area  27  (aee  Tablo  28, 
Reference  1) . 
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TAB  4 


Theoretical  Reduction  Factor  In  Full-scale  Building 

The  computational  method  follows  that  presented  in  TAB  2  for  the  model. 
The  full-scale  structure  is  represented  by  Figure  L-5  with  inches  replaced  by 
feet.  The  walls  and  floors  have  mass  thicknesses  of  20  pBf  and  are  assumed  to 
occupy  negligible  volume.  The  detector  is  located  6  feet  above  the  4th  floor 
which  la  42  feet  above  the  contaminated  plane.  The  contribution  penetrating 
other  than  the  Ird,  4th, and  5th  floor  walls  is  neglected.  Tho  requisite  data 
appear  in  Table  L-V  and  tho  computations  are  in  Table  L-Vl.  Tho  calculated 
reduction  factor  is  C.183. 
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TABLE  L-V 


Full-Scale  Data  Prom  Engineering  Manual 
(All  references  are  to  Reference  5) 


c  =  W/L 

n-22/L 

40 

Chart  3 

G^.H) 

(H-42 ') 
Chart  6 

G8(u>) 
Chart  5 

Ga(uVH> 
(H-42*) 
Chart  5 

40  m  40, 

u  L 

36.5/49 

-0.746 

2x6/49 

-0.245 

0.75 

0.32 

0.25 

0.062 

0,746 

2x18/49 

-0.735 

0.39 

0.64 

0.41 

0.089 

O)" 

u 

0.746 

2x30/49 

-1.22 

0.22 

S  (X  -  20)  -  0.35  (Chart  7) 

V/  0 

E(c  -  0.746)  =1.4  (Chart  6) 

BQ(Xf  •  20)  -  0.2  (Chart  1,  Case  1) 

B'(X'  -  20)  -  0.25  (Chart  1,  Case  3) 

0  o 

Co(cuo  -  u/J  *  0.22,  Xq  -  60)  •  0.04  (Chart 

Bkyahlno  factor  for  decontaminated  roof 
Xq  *  60  la  0.07  (page  17) 


H 

Bw(Xfi-20,H) 

iftl 

Chart  2 

30 

0.35 

42 

0.31 

4) 

54 

0.29 

vi  th 
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TABLE  L-VI 


.Engineering  Manual  Calculation  for  Full-Scale  Building 
(Xe  -  20  psf,  H  -  42  ft) 

Through  4th  floor  walla  (adjacent) 

[W  +  G8(<ul3  SwE  "  <°*25  +  °-25>  x  °*35  *  1.4  «  0.245 
[W  +  W0]  (1  Su)  -  (0.062  +  0.32)  x  0.65  -  0.248 
cg  *  Gg  BW(X«»H)  "  (0.245  +  0.248)  x  0.31  -  0.153 

Through  5th  floor  walla  (coiling)  (Hu  -  54'  ,  -  20) 

fsK3  “  GaCwu>]  8wK  *  (0-41  ‘  °‘25>  x  °*35  x  1.4  -  0.078 
&aK)  '  W]  (1  "  ®w)  "  <°'089  *  °-062)  x  0.65  -  0.0175 
Cg  “  Gg  WV  K(X'o>  "  <°'°78  +  0.0175)  X  0.29  x  0.25  -  0.007 

Through  3rd  Floor  walla  (floor)  (Hl  -  30',  Xf  -  20) 

(c#<u>P  -  Gs(Wl)]  $wK  -  0.078  (same  as  5th  floor) 

0d(u>l,H)  Gd(Wl,H0  (1-Sw)  -  (0.64  -  0.32)  x  0.65  -  0.208 
C8  "  Gg  Bw«o'«l>  W  "  (0-07B  +  °-208>  x  0.35  x  0.2  -  0.020 

Woof  Contribution  (decontaminated)  («o  »  cojj  ,  x  »  60) 

(Skyshlne  factor)  x  Co(o>o,  Kg)  -  0.07  -  0.07  x  0.04  ■  Q.QQ3 
Sum  of  C  'a  -  Reduction  Factor 

~  -  P 

RF  -  0.153  +  0.007  +  0.020  +  0.003  ■  0. 183 
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TAB  5 


Experimental  and  Theoretical  Dose  Rates 
From  Limited  Strips  In  Model 

I.  EXPERIMENTAL  CONTRIBUTION 

The  experimental  dose  rates  as  a  function  of  ring  number  are  presented  in 
Table  L-VII  in  Che  column  labeled  !?]  .  These  data  come  directly  from  Table  14, 
Reference  1,  for  position  E.  Thus  for  ring  number  1,  which  consists  of  source 
areas  A,  C,  and  C  (see  Figure  4,  Referonce  1),  the  experimental  dose  rate  la 
0.662  +  0.500  +  0.490  •  1.65  r/hr.  The  noxt  column  in  Table  L-VII  labeled,  "Experi¬ 
mental  Contribution,"  is  obtained  by  normalizing  tho  data  to  account  for  full 

2 

symmetry  ond  a  source  density  1/497  curies/ft  (see  i'AB  3),  Tho  Cumulative  Ex¬ 
perimental  Contribution  la  a  sum  of  Chu  "Experimental  Contribution"  column  and  1b 
plotted  versus  the  ratio  of  tho  contaminated  strip  width,  Wc,  to  tho  detector 
height,  II,  in  Flguru  L-l. 

II.  THEORETICAL  CONTRIBUTION 

A.  gour ss.  FiSfla. 

The  width,  of  a  washer-shaped  strip  of  contamination  which  surrounds  and 
extends  outward  from  a  cylindrical  structure  is  defined  as  the  difference  of  the 
outer  radius  of  the  strip  and  the  building  radius.  The  equivalent  radii  of  the 
source  regions  arc  obtained  by  replacing  the  actual  rectangular  regions  with  con¬ 
centric  strips  or  rings  that  have  the  same  area.  For  example,  the  total  area  cn- 

2 

closed  by  the  outer  radius  of  ring  number  3  Is  95  ft  in  quarter  symmetry,  lienee 

2 

its  radius  is  11,0  ft  calculated  from  n rQ  “  95  x  4  (see  columns  [1]  and  [2]  In 

Table  L-VII).  The  cumulative  strip  which  includes  rings  1,  2,  and  3  has  width 

W  «  11. 0  -  1.955  =■  9.0  ft,  and  ratio  W  /H  *  tan  9  *=  9.0/3.54  -  2. 56, which  Is 
c  c 

also  entered  In  Table  L-VII. 
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TABLE  L-VII 


Theoretical 

and  Experimental  Dose  Rate  In 

the  Model  (H-3.54) 

Ring 

Number 

Source  Area* 

M 

Cumulative 
Area  from 
Fla.  4 

W 

Outer 

Radius 

ro  mh 

u>  * 

1  -  _ H 

(H2+r2)* 

Gd(o>,H) 
(Chart  6) 

Inside  Bldg. 
Walls 

(Ref.  1) 

1.941 

0.123 

(Ref.  5) 
0.867 

Nominal  Bldg. 

3 

1.9S5 

0.123 

0.865 

2nd  FI.  Shadow 

2.74 

0.210 

0.840 

1 

A,  C,  C 

14 

4.223 

0.33d 

0.791 

3rd  FI.  8hadov 

4.38 

0.389 

0.781 

2 

B.D.F.K.H 

33 

6.49 

0.521 

0.730 

3 

4,  5,  6 

93 

11.0 

0.694 

0.641 

4th  FI.  Shadow 

13.73 

0.751 

0.398 

4 

7,  8.  9 

189 

15.3 

0.777 

0.369 

3 

10,  11,  12 

313 

20.0 

0.826 

0.303 

6 

13,  14,  13 

473 

24.33 

0.837 

0.439 

7 

16,  17,  18 

663 

29.0 

0.879 

0.423 

8 

19,  20,  21 

883 

33.6 

0.895 

0.395 

9 

22,  23,  24 

1139 

38.1 

0.907 

0.367 

10 

23,  26 

1788.2 

47.7 

0.926 

0.323 

11 

27 

- 

50.2 

0.930 

0.310 

12 

Par-Field 

- 

CO 

1.00 

0 

-  L-29 


TABLE . L- VII  (continued) 

Theoretical  and  Experimental  Dote  Rate  In  the  Model  (H-3.54) 


Ring 

Number 

AGd 

cu  ■ 

a 

1-coa  6 

2 

B  ( X  -20  ) 

va'  w 

(Fli,L-9) 

AB 

w  a 

Scattered 
Contribution 
From  Adjacent 
Walla 

-  0.245  A  Bw, 

2nd  FI. 

0.025 

- 

- 

- 

«• 

1 

0.049 

0.64 

0.080 

0.0075 

0.0075 

0.0018 

3rd  FI. 

0.010 

0.74 

- 

•• 

- 

- 

2 

0,031 

1.28 

0.193 

0.030 

0.023 

0.0055 

3 

0.089 

2.36 

0.318 

0.084 

0.054 

0.013 

4th  FI. 

0.043 

3.28 

•• 

<e 

- 

«e 

4 

0.029 

3.81 

0.373 

0.124 

0.040 

0.010 

3 

0.064 

5.08 

0.404 

0.146 

0.022 

0.003 

6 

0.046 

6.38 

0.423 

0.163 

0.017 

0.004 

7 

0.036 

7.63 

0.435 

0.173 

0.012 

0.003 

8 

0.028 

8.92 

0.444 

0.186 

0.011 

0.003 

9 

0.028 

10.2 

0.451 

0.199 

0.013 

0.003 

10 

0.044 

12.9 

0.461 

0.223 

0.024 

0.006 

11 

0.013 

13.6 

0.463 

0.230 

0.007 

0.0017 

12 

- 

« 

• 

- 

- 

~ 
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TABLE  L-VH  (continued) 

Theoretical  and  Experimental  Dose  Rate  in  the  Model  (H-3.54) 


Ring 

tan  8^ 

Mc 

”  2.54 

tu  - 

8  1 

1-cos  9^ 

B  (X  -20, w  ,) 

WB  w  ’  si' 

(Fig.  1-9  oi 

AB1 

va 

tan  Q 

u 

W 

■  c 

0)  “ 

au 

1-coa  0 

u 

Number 

2 

this  report) 

4.54 

2 

2nd  VI. 

- 

- 

- 

- 

- 

- 

1 

0.89 

0.127 

0.015 

0.015 

0.50 

0.053 

3rd  PI. 

- 

- 

- 

- 

- 

2 

1.78 

0.256 

0.052 

0.037 

1.00 

0.147 

3 

3.57 

0.365 

o.ue 

0.066 

2.00 

0.276 

4th  FI. 

- 

- 

- 

m 

- 

4 

5.30 

0.408 

0.150 

0.032 

2.97 

0.341 

5 

7.08 

0.430 

0.170 

0.020 

3.97 

0.378 

6 

8.89 

0.444 

0.186 

0.016 

4.98 

0.402 

7 

10.6 

0.  ',51 

0.199 

0.013 

5.95 

0.417 

8 

12.4 

0.460 

0.222 

0.023 

6.95 

0.429 

9 

14.2 

0.465 

0.239 

0.017 

7.95 

0.438 

10 

18.0 

0.472 

0.270 

0.031 

10.1 

0.451 

11 

19.0 

0.474 

0.230 

0.010 

10. 0 

0.453 

12 

oo 

0.5 

- 

- 

ID 

0.5 

-  L-3i  - 


TAIiLI'.  L-Vll  (continued) 

Thcorc deal  and  Experimental  Doso  Rate  In  the  Hodol  (11*3.54) 


Rlnji 

Number 

B  (X  °?0.cl>  ) 

W8  W  SU 

ABU 

ws 

B 

Scattered  Contribution 

From  Upper  6  Lower  Wallo 

-  0.0196  (ABU  +  Ah1  ) 

W8  WS 

M 

Total  Scattered 
Contribution 
-  [3]  +  [  4] 

2nd  FI. 

- 

- 

- 

1 

0.0037 

0.0037 

0.0004 

0.0022 

3rd  PI. 

- 

- 

9 

0.019 

0.015 

0.001 j 

0.0065 

i 

0.062 

0.043 

0.0021 

0.015 

4th  FI. 

- 

- 

- 

4 

0.101 

0.039 

0.0014 

0.011 

5 

0.128 

0.027 

0.0009 

0.006 

0 

0.144 

0.016 

0.0006 

0.005 

7 

0.156 

0.012 

0.0003 

0.003 

8 

0.169 

0.013 

0.0007 

0.004 

9 

0.180 

0.011 

0.0005 

0.004 

10 

0.200 

0.020 

0.0010 

0.007 

11 

0.204 

0.004 

0.0003 

0.002 

12 

• 

- 

- 
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TABLE  L-VII  (continued) 

Theoretical  and  Experimental  Dose  Rate  in  the  Model  (11*3.54) 


to 


Numbei 

Contribution 
From  Di rect 
Radiation 
-0.384  A  Gd 

[>] 

Experimental  Experimental  Theoretical  Cumulative 
Dose  Rate  Contributioa  Contribution  Experimental 
(Table  14)  -  0.008  C 73  “  f5j  +  [b]  Contribution 

Cumulati  ve. 
Theoreti ca 
Cont.ibutli 

- 

(Ref.  1) 

- 

- 

2nd  PL. 

0.0007# 

m 

_ 

1 

0.0023# 

1.65 

0.013 

0.005 

0.013 

0.005 

3rd  PI. 

0.0005# 

- 

- 

- 

- 

2 

0.004# 

2.62 

0.021 

0,011 

0.034 

0,016 

3 

0.0072# 

3.36 

0.027 

3.022 

0.061 

0.038 

4th  PI. 

0.0035# 

•• 

- 

- 

- 

•• 

4 

0.011 

3.89 

0.031 

0.026 

0.093 

0.064 

5 

0.025 

3.96 

0.032 

0.031 

0.124 

0.095 

6 

0.018 

3.07 

0.025 

0.023 

0.149 

0.118 

7 

0.014 

2.54 

0.0205 

0.017 

0.170 

0.135 

8 

0.011 

2.09 

0.017 

0.015 

0.186 

0.150 

9 

0.011 

1.75 

0.014 

0.015 

0.200 

0,165 

10 

0.017 

3.14 

0.025 

0.024 

0.225 

0.189 

11 

0.0050 

0.84 

0.0068 

0.007 

0.232 

0.196 

1? 

37.*  0.30 

#  See  p.23  of  Rc£,5  lot  computational 

*  Sec  TAB  1 

+  See  TAB  2 

method 

0.53 

0.43+ 
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B. 


Source  Ring  Contributions 


The  remaining  columns  in  Table  L-VII  are  steps  in  the  theoretical  calcu¬ 
lation  of  the  contribution  to  be  expected  from  each  source  ring.  Consider  first 
Chose  source  areas  from  which  the  direct  radiation  penetrates  the  adjacent  (fourth 
floor)  walls.  It  is  seen  in  Figure  L-2  and  Table  L-VII  that  rings  Nos.  5-11 
fall  in  this  category.  If  the  building  were  surrounded  by  an  infinite  field  of 
radiation,  the  contribution  through  the  adjacent  walls  would  be  (see  p.  22,  Ref¬ 
erence  5) 

C  -  B  (X  ,H)  G  (LI 5) 

g  w'  e  g  v 

in  which 

Gs  "  lGa(u)1)  +  CBfc»  u>]  Sw(Xn)  E(o) 

+  |Gd(u)l(ll)  +  Gq(cd  u))ll-Sw(X0)J  • 

The  fir3t  torm  in  G  accounts  for  the  wall-scattered  radiation  and  the  second  term 

O 

accounts  for  the  direct  and  akyshine  radiation. 

I .  Direct  Contribution 
a .  Adjacent  Walls 

The  directional  response  C^Gn  ^«H)  for  the  direct  radiation  is 
that  for  a  source  area  beginning  at  a  radius  determined  by  the 
fourth  floor  shadow  and  extending  to  Infinity.  The  response  for 
a  finite  band  whose  inner  and  outer  radii  subtend  solid  angle 
fractions  and  e>j  is  the  difference 

AC,  “  Gd(t0  i>H)  *  Gd("  j’lt)  al6) 

and  the  direct  contribution  from  equation  (L15)  is 

AGd(l-Sw)  Bw(Xe,H)  .  (L17) 
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The  solid  angle  fraction  associated  with  the  outer  radius 
of  the  j  ring  is 

“J  '  l'  („*  l  t«>*  '  <“« 

Thus,  m  for  ring  No.  11  with  outer  radius  50.2  ft  and  H  **  3.54  ft 
Is  0.930.  The  detector  response  G^(ce  **  0.930,  H  ■  3.54)  for  the 
far*field  source  la  0.310.  This  value  comes  from  Figure  L-7  which 
is  a  graph  of  Gd&u  ,  H  ■  3.54)  versus  co  .  The  data  for  this  graph 
were  taken  from  Chart  6  in  the  Engineering  Manual  (Reference  5). 
Values  of  Gd  for  other  rings  aro  listed  in  Table  t-VH,  together 
with  their  differences.  Additional  data  needed  are 

Sw(Xc  •  20)  -  0.35  (Chart  7,  Reference  5)  (Ll9) 

B  (X  -  20,  H  -  3.54)  -  0.59  (Chart  2, 
w  0  Reference  5)  . 

With  these,  the  direct  contribution  for  rings  Nob.  5  -  11  Is 

(  AGd)  (1  -  0.35)  x  0.59  -  0.384  AGj  (L20) 

which  Is  tabulated  in  column  [6]  . 
b.  Adjacent  and  Lower  Walls 

The  outer  radius  of  ring  4  1b  15.5  ft  and  Its  inner  radius 
is  11.0  ft  (see  column  [2]  In  Table  L-VII).  Because  the  4th 
floor  shadow  is  at  13.75  ft,  part  of  the  direct  radiation  from 
ring  4  penetrates  the  adjacent  (4th  floor)  wall  and  the  remainder 
penetrates  the  3rd  floor  wall  and  4th  floor.  The  contribution 
from  the  area  between  the  shadow  and  outer  radius  is  0.011  which 
was  calculated  using  equation  (L20).  The  contribution  through  the 
floor  is 

AGd  <l'V  VXe*Hl)  W-  (L2l) 
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DIRECTIONAL  RESPONSE  FOR  DIRECT  RADIATION  CChorl  2) 


From  Chart  2  of  the  Engineering  Manual,  B  (X  =20,11  =2.54)-0.62, 

w  e  1 

and  from  Chart  1,  Case  1,  Bq(X£  =  20)  =  0.2.  The  differenced 
directional  response  for  that  part  of  ring  4  that  penetrates  the 
floor  ia  £Gd  ■  0.043  (see  Table  L-VXI)  and  its  contribution 
according  to  equation  (L21)  is 


0.043  (1-0.35)  x  0.62  x  0,2  =  0.0035.  (L22) 

Thus,  the  total  contribution  from  the  direct  radiation  from  ring 
4  is  0.011  +  0.0035  (see  Column  [6]). 
c .  Lower  Walls 

It  is  noted  from  column  [2j  in  Table  L-VII  that  all  of  the 
direct  radiation  from  ring  3  pasnes  through  the  3rd  floor  walls, 
whereas  that  from  ring  2  passes  through  both  the  2nd  and  3rd 
floor  walls.  (See  also  the  Bkotch  in  Figure  L-2i  Similarly, 
the  direct  radiation  from  ring  1  passes  through  the  1st  and  2nd 
floor  walls.  Values  needed  for  these  rings  ore  shown  in  Table 
L-V1II. 


TABLE  L-VIII 

Data  for  Direct  Contribution 


Wall 

Penetrated 


"1 

iftl 


“f 

CPBfl 


W20’V 

Chart  2 


B  (Xc)  (1-S  )B  B 

o'  f'  w  w  o 

Chart  1  (S  -0.35) 

Case  1  V _ 


4th 

3.54 

0 

0.59 

3rd 

2.54 

20 

0.62 

2nd 

1.54 

40 

0.65 

1st 

0.54 

60 

0.70 

1.00 

0.384 

0.20 

0.081 

0.11 

0.046 

0.06 

0.027 

the  results  shown  in  column  [6]  of  Toble  L-VII  f«r  rings  1-4 


were  calculated  with  equation  (L21)  using  the  data  in  Table  L-VIII. 
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2. 


for  a  contaminated  piano  extending  from  the  walls  to  Infinity. 

If  the  contamination  extends  only  out  to  r^,  the  wall  barrier 
factor  Bw(Xo>H)  In  equation  (L23)  must  bo  replaced  by  Bug(Xw,  <og) 
which  la  graphed  In  Chart  9  of  Reference  5. 


lGa  (  »l>  +  Gs<  »„>  J  V 

The  solid  angle  fraction,  ujg>  Is  doflned  by  tho  arua  of  the 
limited  strip  viewed  from  mid-wall  height  on  a  vertical  axis 
on  the  outer  surfaco  of  the  wall. 

In  Figure  L-tt  is  shown  tho  portion  (cross-hatched)  of  tho 
limited  strip  of  radluB  r^  that  1b  aeon  from  a  point  H  ft  up  the 
wall  of  the  equivalent  cyllnderlzed  building.  The  solid  angle 
fraction  subtended  by  this  area  Is  approximately  tho  same 


as  that  subtended  by  the  semicircular  area  of  radius  Wc  which 
Is 


1-cos  8 
2 


This  a)  and  the  corresponding  B  (X  ”20,  to  )  are  tabulated  In 

S  WB  W  S 

Table  L-VII  for  each  source  area.  The  values  of  3  were  taken 

ws 

from  the  graph  in  Figure  L-9  for  B  (X  *20,  to  )  versus  to  which 
r  ws  w  s  s 

was  plotted  from  data  In  Chart  9,  Reference  5.  The  contribution 
due  to  the  scattered  radiation  from  the  adjacent  wall  for  ring  j 
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with  Inner  radius  r^  and  outer  radius  r ^ ,  calculated  by 
differencing  equation  (L24),  is 

IGS(  +  Ga(u>u)]  SuE  ABwa  (L26 ) 

in  which 

*Bws  ■  Bw<V“.j>  -  B„a<Xw’«si>- 
Values  needed  for  the  fourth  floor  walls  are 

“u  ”“i  "  °’75  (Table  L-Vll.co  for  the  4th  floor  shadow) 

Gfl(uiu)  “  Gg(o»jl)  "  0.25  (Chart  5,  Reference  5) 

Sw  -  0.35,  E  -  1.4 

l°.<“  1>  +  Gs<“  u>]  SwE  ABws  “  °-245  ABwa 

The  incremental  wall  battler  factors  (  AB  )  and  tho  contrl- 

Wfl 

button  from  wall-scattered  radiation  from  adjacont  wails 
(0.245  ABw0)  are  ontorod  in  Table  L-VI1. 

FIGURE  L-e 

Cyllndorlted  Building  and  Source  Area 


tan  6  -  W  /H 
c 
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The  scattered  contribution  from  the  3rd  floor  walls  (lower) 
is 

’  G8(u>  Sw  EBWBw.«e*“.l>  (L27) 

and  from  tho  5th  floor  walla  (upper) 

‘  Ga<mu>]  Sw  “WW®  .«>  ‘  (L28> 

In  equation  (L27),o)b1  is  the  solid  angle  fraction  measured  from 
a  reference  position  at  the  mid-wall  height  of  the  3rd  floor  walls. 
The  parameters  in  equations  (1,27 )  and  (L28)  have  tho  following 
values: 

w,  “  u>  ■  0.75 
1  u 

cuj  -  co^  “0.39  (Tablo  L-VII,®  for  3rd  floor  shadow) 

C  (  ai.)  »  C  (  »  )  “  0.25  (Chart  5,  Reference  5) 

C8(u>  J)  "  Gg(a>p  “  0.41  (Chart  5,  Reference  5) 

S  “  0.35,  E  »  1.4 
w 

B'(X,  “  20)  -  0.25  (Chart  1,  Case  3) 
o  t 

IC8(®  p  -  Gs(ce  p]SwEBo(Xp  -  0.0196  _ 

The  scattered  contribution  from  the  upper  and  lower  walls  for  a 

ring  is  obtained  by  differencing  equations  (L27 )  and  (L2g). 

Inserting  numerical  values  gives 

0.0196  (  A  B  +  A  B  )  (L29) 

'  ws  ws 

which  is  tabulated  in  column  [4]  of  Tablo  L-VII.  Tho  total 


scattered  contribution  from  the  adjacent,  upper,  and  lower  walls 


3.  Total  Contribution 


The  air-scattered  contribution  in  equation  (L15)  for  finite  strips 
is  assumed  to  be  negligible.  Consequently,  the  column,  "Theoretical 
Contribution,"  consists  of  the  sum  of  the  wall-scattered  and  direct 
contributions  for  each  ring.  The  results  in  this  column  are  compared 
graphically  with  the  experimental  results  in  Figure  L-2. 

C.  Estimate  of  Computational  Error 

It  is  emphasized  that  considerable  computational  accuracy  1b  loBt  when  the 
directional  responses  and  barrlor  factors  are  differenced.  For  closc-ln  rings  the 
results  probably  have  only  ona  significant  flguro.  This  error  was  minimized  by 
smoothing  the  data  taken  from  charts  as  shown  In  Figures  L-7  and  L-9. 
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Appendix  M 


Discussion  of  "Technical  Operations  Research 
Model  Experiment  Flnsl  Report  TO-B  62-58" 


This  Appendix  was  originally 
submitted  to  OCD  as  Research 
Memorandum  RM  81-7,*  except 
for  minor  odltorlal  changes. 


*  W.  0.  Doggett  (Consultant,  Professor  of  Physics,  North  Caroline  State  of  the 
University  of  North  Carolina  at  Raleigh),  Discussion  of  "Technical  Operations 
Research  Model  Experiment  Final  Report  TO-B  62-58".  Research  Memorandum 
RM  81-7,  Durham,  North  Carolina:  Operations  Research  Division,  Research 
Triangle  Institute,  17  July  1963. 


ABSTRACT 


The  results  of  Technical  Operations  Research  model  experiments  with  limited 
strips  of  contamination  and  a  multi-story  vlndowless  building  are  discussed 
herein.  An  estimate  Is  made  of  the  discrepancy  between  theory  and  experiment 
that  Is  attributable  to  spectral  and  medium  differences.  Possible  explanations 
arc  offered  for  the  dose  rate  variation  and  the  large  difference  In  the  computed 
and  measured  dose  rates  In  the  basement.  Recommendations  are  made  for  (a)  revising 
the  currently  used  computational  procedures  for  protection  factors,  (b)  conducting 
additional  experiments,  and  (c)  using  the  data  to  vorlfy  area  factor  assignments. 
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Appendix  M 


Discussion  of  "Technical  Operations  Research 
Model  Experiment  Final  Report  XO-B  62-58" 


I.  INTRODUCTION 


A.  Purpose 

One  of  the  major  tasks  of  OCD  Project  1115A  was  to  "evaluate  new  information 
on  shielding  for  application  to  the  computation  of  protection  factors  for  surveyed 
structures."  The  objectives  of  this  task  are  soveral-fold:  to  determine  if 
existing  methods  for  computing  protection  factors  need  modification  to  agree 
with  new  data;  to  suggest  applicationa  of  new  shielding  information  to  problems 
confronting  the  Office  of  Civil  Defense;  and  to  recommend  now  investigations 
In  areas  whore  gaps  oxlst  In  current  shielding  knowledge.  The  purpose  of  this 
appendix  is  to  raport  the  results  and  conclusions  of  RTI'b  study  of  the  "Final 
Report  on  the  Effect  of  Limited  Strips  of  Contamination  on  tho  Doso  Rate  In  a 
Multi-story  Windowless  Building"  (Reference  1)  by  Technical  Operations  Research 
(Tech  Ops)  of  Burlington,  Massachusetts. 

B.  Description  of  Tech  Ops  Experiments 

Tech  Ops  investigated  the  effects  of  limited  fields  of  contamination  on 
the  dose  rate  within  multi-story  structures.  A  six-story  36  x  48  x  72  foot  high 
building  with  basement  was  simulated  by  a  model  structure  with  a  1/12  scale 
factor  and  with  the  following  steel  wall-floor  thicknesses  (in  psf);  0-0,  0-20, 
20-20,  20-80,  and  80-80.  Quarter  symmetry  strips  of  contamination  were  formed 
by  closely  spaced  cobalt-60  point  sources  near  the  building  and  by  the  pumped 
source  method  in  outer  strips.  Dose  measurements  were  made  in  three  horizontal 
planes  above  each  floor  at  points  in  each  plane  near  the  corners  and  at  the 
center  of  the  building. 
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II.  DISCUSSION 


A.  General 

The  series  of  thorough  and  well-planned  experiments  reported  by  Tech  Ops 
in  Reference  1  has  yielded  a  wealth  of  attenuation  data.  In  addition  to 
obtaining  basic  dose  rate  data  for  various  experimental  configurations,  Tech 
Ops  conducted  several  experiments  for  calibration  and  data  reduction  purposes. 
Those  included  measurements  of  source  anisotropy,  tubing  attenuation,  ground 
penetration  to  the  basement  area,  cobalt-60  buildup  factors  for  a  source  on 
the  ground,  and  doso  rates  in  a  phantom  structure  with  0  psf  walls  and  floors. 

The  phantom  structure  data,  after  being  scaled  up  and  corrected  for  tubing 
attenuation,  source  anisotropy,  and  improper  atmospheric  density,  agreed  well 
with  previously  published  results.  Tech  Dps  compared  their  limited  strip 
results  with  calculations  made  with  tho  Office  of  Civil  Defense  "Culdo  for 
Architects  and  Engineers"  (Roforonco  2),  and  the  National  Shelter  Survey  Com¬ 
puter  Progrum  (Rcfs.J  ami  4).  In  addition,  thoir  infinite  field  data  wore  com¬ 
pared  with  the  predictions  of  tho  Office  of  Civil  Defense  Engineering  Manual, 

"The  Design  and  Review  of  Structures  for  Protection  from  Fallout  Garana  Radiation" 
(Reference  5).  Tech  Ops’  major  conclusions  and  recommendations  were: 

1.  "The  Computer  Program  is  In  error  for  near-field  limited  strips 

because  no  distinction  is  made  between  thin-  and  thick-floor 
correction  factors.  Experimental  correction  factors  are  pre¬ 
sented,  More  work  is  recommended  on  floor-edge  scattering  and 
attenuation  by  floor  slabs. 

2,  Measured  and  computed  infinite-field  dose  rates  are  in  excellent 
agreement. 

3,  A  revised  procedure  for  calculating  the  contribution  from  far- 
field  limited  strips  is  recommended. 

4.  Dose  rates  measured  in  the  basement  are  highrr  than  predicted. 

Further  investigation  is  reccranended  on  a  full-scale  basement," 
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B.  Estimate  of  Discrepancy  Associated  with  Spectral  and  Medium  Differences 
The  experiments  were  conducted  with  a  cobalt-60  source  and  a  steel  struc¬ 
ture.  The  computational  procedures  o£  the  Engineering  Manual,  Computer  Program, 
and  A&£  Guide  are  based  on  the  attenuation  of  a  fission  spectrum  of  gamma  rays 
by  a  water  medium.  Barrier  factor  curves  for  cobalt-60  gamma  rays  Incident  on 
water  and  concrete  are  available  In  Dr.  L.  V.  Spencer's  Monograph  (Reference  6). 
Tech  Ops  used  cobalt-60  data  (presumably  on  concrete)  for  barrier  factors  in 
their  Engineering  Manual  calculations  for  infinite  fields  of  contamination.  It 
was  of  interest  to  estimate  the  magnitude  of  the  difference  In  theory  and  ex¬ 
periment  that  Is  attributable  to  use  of  fission  and  water  data  or  cobalt-60 
and  concrete  diitn  for  calculations  to  compare  with  experiments  in  which  cobalt- 
60  and  steel  arc  used.  In  general,  comparisons  of  absolute  values  of  dose 
rates  or  reduction  factors  should  be  more  dependent  on  these  differences  titan 
ratios  of  doses  such  as  the  fraction  of  the  Infinite  field  dose  that  la  due 
to  various  limited  fields  of  contamination. 

1,  Spectral  Differences  -  The  barrier  factors  associated  with  the  floors 

B  (X  )  and  the  walls  B  (X  ,11)  are  the  dominant  attenuation  factors. 

O  0  w  c 

a.  Floor  Barrier  Factor  -  The  floor  factor  B  (X  )  in  the  Engineer- 

■■  ■  —  i  0  0 

Ing  Manual  Is  equal  to  L(X)  in  Spencer's  Monograph  which 
contains  calculations  for  cobalt-60  gammas  In  water  and 
fission  gammas  In  water.  Graphs  of  L(X)  versus  X  in  psf 
are  presented  In  Figure  M-l.  These  curves  represent  the 
dose  rate  In  r/hr  at  various  depths  in  an  infinite  medium 
of  water  due  to  an  Infinite  plane  Isotropic  source  with 
strength  such  that  the  dose  rate  at  3  ft  in  air  is  l  r/hr. 
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It  Is  seen  that  these  curves  are  indistinguishable  for 
mass  thicknesses  (x)  less  than  100  psf.  At  greater  depths 
the  fission  spec  rum  produces  a  larger  dose  rate  owing 
to  its  higher  energy  components, 
b.  Wall  Barrier  Factor  -  The  dependence  of  the  wall  factor 
Bw(Xe>H)  on  the  gamma  energy  is  very  similar  to  that  for 

L(X)«  B  (X  .H)  of  the  Engineering  Manual  is  derived  from 
w  c 

tho  W(Xe,H)  curve  in  Spencer’s  Monograph,  BU(XC»H)  — 

0.5  W(XC>H).  Tabulated  bolow  aro  values  for  W(X,3')  and 

L(X)  for  coba't-60  1.2  Mov)  and  cnnium-137  (0.66  Mev) 
gamnas  incident  on  concrete  (Reference  6 > . 


W(X,3‘)  L(X) 


X 

£Sf 

Cs137 

Ratio 

Co 

Cb 

Cs137 

Ratio  §£ 

50 

.11 

.146 

1.3 

.054 

.068 

1.3 

100 

.024 

.044 

1.8 

.0088 

.0165 

1.9 

200 

.00086 

.0037 

4.3 

.00026 

.0011 

4.3 

300 

.000029 

,00030 

10.3 

.0000072 

.000076 

10.6 

It  is  seen  that 

for  a  given  mass  thickness  X,  the 

fractional 

increase 

in  W(X,  3 ')  >  and 

hence 

®w<Xe.H>, 

when  the 

cesium-137  source 

is  replaced  by  a  cobalt-60  source  is  essentially  the  same 
as  the  fractional  increase  in  L(X)  (compare  ratio  columns). 
Consequently,  the  relative  change  in  botli  barrier  factors, 
Bw(Xe>H)  and  B 0(XQ),  due  to  simulating  a  fission  source 
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with  cobalt-60  is  negligible  for  mass  thicknesses  less 
than  100  psf,  is  20  per  cent  at  200  pef,  and  is  50  per 
cent  at  300  psf. 

2.  Medium  Differences  -  The  effect  of  substituting  steel  for  concrete 
(for  the  Engineering  Manual  -  Spencer  Monograph  calculations)  and 
steel  for  water  (for  the  A&E  Guide  and  Computer  calculations)  can 
be  seen  from  the  behavior  of  the  L(X)  barrier  factor  curves  in  Fig¬ 
ure  M-2  for  a  cesium-137  source.  Tho  water  and  concrete  data  wor« 
taken  from  Spencer's  Monograph  and  the  Iron  results  were  computed 
at  North  Carolina  State  College  by  tho  author.  In  the  range 

100«£  X  £.  200  psf,  the  factors  are  in  the  ratio  (water):  (concrete): 
(iron)::  1:0, 7:0. 5.  At  X=80  psf,  L(X,  iron)/I,(X,wntor)  is  0.6  and 
I, (X,  iron)/L(X, concrete)  -  0,75. 

3.  Combined  Snectral  and  Medium  Differences  -  Figure  M-3  shows  the 
variation  with  energy  and  medium  of  the  harrier  factors  at  X"80. 

The  point  for  a  fallout  spectrum  coincides  with  the  cobalt-60 
point.  Calculations  made  for  a  water  medium  should  be  reduced 
by  35  per  cent  if  the  medium  is  steel,  and  calculations  based  or. 
concrete  data  should  be  reduced  by  25  per  cent.  Tlie  corresponding 
values  for  X<>20  psf  arc  20  and  15  per  cent,  respectively, 

C .  Revision  Required  in  Current  Computational  Procedures 
1 ,  Infinite  Field  Data 

a.  Above  c-round  Floors  -  The  Computer  Program  calculates  the 
contribution  from  limited  strips  of  contamination  by  multi¬ 
plying  the  contribution  from  an  infinite  field  by  a  correction 
factor.  In  order  to  compare  experimental  data  for  limited 
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Tecli  Ops'  Infinite  FioU1  Hnta 

Measurement 

Engineering  Manual  Calculation 
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strips  with  thin  correction  factor,  it  was  necessary  lor 
Tccli  Ops  to  iletciini.no  tiic  close  rote  from  on  infinite  field. 
These  data  arc  shown  in  Figure  M-4  alone-  with  the  Knginceri.ng 


Manual  results  (dotted  lines)  taken  from  the  Tech  Oils'  report 
(Table  14).  The  dose  rate  is  plotted  versus  detector  height 
above  the  floor  with  floor  number  as  a  parameter.  (Hie  2.5* 
and  5'  data  on  the  4th  floor  of  the  60-80  building  are 
apparently  interchanged.)  The  infinite  field  data  were  ob¬ 
tained  from  the  limited  strip  data  by  adding  a  fnv-flcld 
contribution  which  was  estimated  by  multiplying  Che  contri¬ 
bution  from  the  outermost  source  area  by  a  factor  based  on 
geometry  and  air  attenuation  considerations.  Tills  technique 
in  precise  for  the  phantom  structure  (as  demonstrated  by  Tech 
Ops),  approximately  correct  when  the  same  mass  thickness  is 
placed  between  the  detector  and  outer  source  ring  os  botween 
the  detector  and  far  field,  and  can  be  seriously  in  error  if 
different  mass  thicknesses  arc  located  between  them  as  shown  in 
Figure  M-5.  Tile  radiation  from  the  outermost  source  must 


Outcrmost'T 
Source  Area 


Section  of  building  for  which  floor  shadow  extends  just 
beyond  outermost  source  area. 
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pass  through  the  exterior  wall  and  floor  slab,  whereas,  the 
far-field  radiation  passes  only  through  the  exterior  wall.  In 
this  case,  the  factor  previously  used  to  compute  the  far-ileld 
contribution  from  the  outermost  source  contribution  must  be 
multiplied  by  1/Bq(Xo)  to  account  for  the  additional  floor 
attenuation.  For  Xo=80  psf  steel  floors,  1/Bq(80)  is  approxi¬ 
mately  30  (see  Figure  M-l.  Most  of  the  detector  points  in  Tech 
Ops  experiments  were  located  ao  that  this  factor  1/Bo(Xq)  is 
not  required.  Figure  M-6  shows  floor  shadows  superimposed  on 

FIGURE  M-6 


Overlap  of  floor  shadow  with  outermost  source  area  for 
2.5  ft  detector  location. 

the  outermost  source  area  for  a  central  point  detector  located 
2.5  ft  above  the  floor,  it  is  seen  that  radiation  from  more 
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than  half  of  the  source  area  must  penetrate  the  floor  slab 
before  reaching  a  detector  on  the  6th  floor.  Consequently,  the 
far-ficld  contribution  which  does  not  pass  predominantly  through 
the  slab  will  be  underestimated.  The  data  from  the  far-corner 
positions  A,  C,  and  D  on  upper  floors  arc  affected  similarly. 

The  effect  of  caking  these  considerations  into  account  is  to 
raise  the  experimental  (solid)  curves  for  the  5th  and  6th  floors 
at  the  2.5  ft  height.  The  relative  increase  in  dose  rate  will 
be  larger  for  the  thicker  floorB.  After  this  adjustment,  it 
appears  that  all  of  the  experimental  curves  will  be  somewhat 
above  tho  Engineering  Manual  calculations,  (mostly  10-20  per 
cent  with  a  minimum  and  maximum  of  0  and  70  par  cent,  respectively). 
The  same  trend  is  also  observed  when  tho  experimental  data  arc 
compared  directly  with  Engineering  Manual  calculations  uBlng 
the  actual  dimensions  of  the  scale  model  (Ref,  7  and  App.  h) . 

Tills  gup  will  widen  approximately  25  per  cent  for  80  psf  walls 
when  steel  data  arc  substituted  for  concrete  data  in  the  calcu¬ 
lations.  These  results  indicate  that  calculations  made  with  the 
Engineering  Manual  method  and  steel  data  arc  not  conservative 
but  predict  dose  rate  values  that  ore  somewhat  lower  than  ex¬ 
perimental  values.  However,  in  practice,  tills  difference  Is 
partially  compensated  for  when  the  water-data  curves  in  the 
Engineering  Manual  arc  used  to  predict  dose  rates  in  concrete 
buildings.  Consequently,  no  change  is  rccontnended  in  the  compu¬ 
tational  procedure  of  the  Engineering  Manual  for  above  ground 
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floors  and  Infinite  fields  of  contamination.  It  is  suggested 
that  the  accuracy  of  the  procedure  be  re-examined  when  more  full- 
scale  data  become  available.  Existing  full-scale  experimental  data 
(Reference  8)  for  a  concrete  block-house  agree  within  tl57,  of 
Spencer's  theory  (Reference  6). 

It  would  be  interesting  to  have  the  phantom  structure  data 
and  Engineering  Manual  calculations  for  0-0  psf  walls  and  floors 
presented  in  Table  14  of  Tech  Ops'  report  along  with  the  other 
infinite  field  data.  This  would  facilitate  an  evaluation  of  the 
directional  rasponso  function  for  the  direct  radiation 
Basement  Area  -  The  experimental  dose  rato  values  from  an  infinite 
sourco  field  at  a  point  6  ft  below  the  basement  celling  arc  1.5 
to  4  times  as  large  as  the  computed  vnluos  even  after  correction 
for  floor-edge  scattering  and  ground  penetration.  Moreover,  the 
doBc  rato  first  increases  with  depth,  then  decreases,  whereas 
computations  always  predict  a  decrease  in  dose  rate  with  depth. 
These  disagreements  aro  sufficiently  large  to  cast  doubt  on 
the  accuracy  of  the  factors  uBcd  in  calculating  basement  dose 
rates.  There  is  some  evidence  that  full-scale  basement  measure¬ 
ments  in  a  block-house  experiment  (Reference  y,  page  III-117) 
also  give  dose  rates  that  are  2-3  times  larger  than  Engineering 
Manual  results.  It  is  therefore  reconmondcd  that  the  Engineering 
Manual  factors  be  revised  to  agree  with  experimental  results.  In 
view  of  the  difficulty  in  properly  scaling  up  model  data  to  full- 
scale,  RTI  supports  Tech  Ops  recommendations  that  full-scale 
basement  measurements  be  made  for  comparison  purposes.  Possible 
explanations  for  the  breakdown  in  the  Engineering  Manual  procedure 
are  offered  below. 
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(1)  Error  In  Absolute  Magnitude  -  The  skyBhine  barrier  factor 
B  ’(X  *)  in  the  Engineering  Manual  for  the  basement  ceiling 

O  O 

attenuation  is  probably  too  small.  Bo,(Xo*)  ia  obtained  by 

integrating  slant  penetration  data  over  the  entire  backward 

hemisphere  (Reference  9,  page  11-76,  and  Reference  6,  page  24). 

This  procedure  includes  the  grazing  contribution  which  la 

greatly  attenuated  by  the  initial  layers  of  material.  It  1b 

seen  in  Figure  M-7  below  that  radiation  roaches  the  detector 

from  a  limited  solid  ang’ c.  An  estimate  con  be  made  for 

the  barrier  factor  as  follows:  assume  that  the  predominant 

radiation  is  incident  on  tho  floor  at  an  angle  8  “  tnn"1 

R/  (11+1))  *■  56°  with  an  average  energy  equal  to  that  of 

cesium-137  (0.66  Mev).  Tl>o  attenuation  for  this  incident 

obliquity  cos  8  ■  0.56  and  X  ■*  80  prf  is  cos  8  n(X,cos  8)»0.046 

(Reference  b,  Figure  B6),  This  factor  1b  approximately  3.7 

timer,  larger  than  B  '  (X  1  «  80)  o  0.017, 
o  o 


* 

! 


(2)  Dose  Rate  Variation  with  Depth  -  The  initial  increase  and 
then  decrease  in  dose  rate  with  increasing  depth  is  a  con¬ 
sequence  o£  the  cosseting  effects  of  solid  angle  considera¬ 
tions  (invcrse-distanco-aquared  attenuation)  and  change  in 
slant  penetration  through  the  floor  slab,  Assume  for  sim¬ 
plicity  that  all  photons  emerging  from  the  wall  can  be  repre¬ 
sented  as  a  monoencrgctlc  source  at  midwall  height  H  ■  61, 

The  dose  rate  at  a  depth  D  due  to  the  uncollldcd  gammas  Is 
proportional  to  /"exp  - sec  A  plot  of  this 

function  (Figure  M-li)  no  D  varies  from  T  (Just  bonuuth 
Che  slab)  to  20  X  displays  the  maximum  observed  In  the  ex¬ 
periments.  IV. c  proper  incident  angular  energy  spectrum 
and  multiple  scattering  In  the  floor  and  calling  must  be  In¬ 
cluded  to  obtain  accurate  absolute  barrier  factors. 

2.  Limited  Strip  Data 

Tech  Ops  found  that  for  thick  floors,  separate  correction  factors 
for  first-  and  upper-floor  locations  arc  needed  In  order  to  correct 
Infinite  field  computations  for  limited  fields  of  contamination;  whereas, 
the  Computer  Program  uses  a  single  factor  for  all  locations.  These 
findings  support  RXI's  previous  recommendation  (Reference  10) that 
the  computational  procedure  of  the  Computer  Program  be  revised  for 
above  ground  floors  Hie  procedure  suggested  by  Tccli  Ops  for  ncar- 
field  and  far-ficld  strips  appears  adequate  to  predict  their  experi¬ 
mental  results  and  represents  an  improvement  on  the  existing  computer 
method.  Hie  Tech  Ops  procedure  uses  revised  tables  with  entries 
deduced  from  measurements.  Hie  tables  arc  therefore  applicable  for 
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20  and  80  paf  floors.  In  order  to  use  these  data  for  other  tnicknosscs, 
Tech  Ops  suggests  that  all  floors  with  mass  thicknesses  Xj.<C  40  psf 

be  assigned  an  M  value  based  on  20  psf  floor  data  and  all  thick  floors 
L 

with  Xf  ^>40  psf  be  calculated  with  80  psf  data.  For  example,  for  a 
limited  strip  with  width  Wc  twice  the  detector  height  h  and  20  paf 
walls,  the  multiplicative  correction  factor  for  an  upper  floor  with 
■  35  paf  is  0.10,  whereas,  it  jumps  down  to  0.028  for  Xf  »  45  psf. 
The  factor  is  also  somewhat  dependent  on  wall  mass  thickness.  For 
tho  above  mentioned  strip  and  thick  floors,  M,  is  0.028  for  20  psf 
walls  and  0.037  for  80  psf  walls.  In  order  to  make  full  use  of  hibbb 
thickness  data  collected  in  tho  survey, one  would  need  tables  which 
could  be  entered  in  10  psf  increments.  Since  interpolation  and  extra¬ 
polation  of  20  and  80  psf  data  to  all  other  thicknesses  encountered 
in  practice  may  lie  unreliable,  and  for  other  reasons  cited  in  Reference 
IViRTI  recommends  that  tho  Engineering  Manual  method  he  incorporated 
in  the  next  revision  of  the  Computer  Program.  It  is  also  recommended 
that  Tech  Ops  limited  strip  data  such  as  in  their  Figures  13,  15, and 

17  he  compared  with  Engineering  Msnual  calculations.  This  comparison 

1 8  of  great  importance  because  the  chief  doBc  rate  contribution  in 
buildings  of  interest  is  from  limited  strips. 

0.  Other  Applications  of  Data 

An  objective  of  the  National  Fallout  Survey  is  the  determination  of  the 
number  of  spaces  in  each  building.  This  calculation  requires  the  use  of  area 
factors  which  represent  the  fraction  of  the  total  floor  area  that  has  an 
acceptable  protection  factor.  The  area  factor  accounts  for  the  variation  In 
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radiation  level  as  one  goes  iron  the  center  of  the  shelter  to  the  periphery. 

Tech  Ops  measured  this  variation  for  the  above  ground  floors  and  presented 
their  results  in  Table  42  as  ratios  to  the  center  3  ft  position.  These  data 
will  enable  verification  of  calculated  dose  rate  variations  which  are  used  in 
assigning  area  factors. 

E.  Recommendations  for  New  Investigations 

In  addition  to  suggestions  presented  above,  the  following  recommendations 
are  made. 

1.  Floor  Barrier  Factor 

Tech  Ops  notod  a  dip  (Roforonco  1,  page  35)  in  the  dose-rate  curves  for 
limited  strips  with  widths  varying  in  tho  vicinity  of  the  floor  shadows. 
This  dip  docroased  with  increasing  wall  thickness  and  with  detector 
height  above  floor  lovol.  The  Computer  Program  docs  not  prodict 
such  behavior,  and  Engineering  Manual  calculations  aro  not  available 
for  comparison.  This  behavior  may  be  an  indication  that  one  cannot 
neglect  the  dependence  of  the  floor  barrier  factor  on  the  wall  mass 
thickness  previously  penetrated  by  the  radiation  and  its  angle  of 
incidence  on  the  floor  slab.  It  is  recommended  that  an  attempt  be 
made  to  measure  floor  barrier  factors  for  comparison  with  theoretical 
predictions  for  various  wall  mass  thicknesses. 

2.  Basement  Area  Factors 

In  general,  the  dose  rate  is  higher  In  the  center  of  a  basement 
than  at  the  perimeter.  However,  an  area  factor  of  unity  is  assigned 
to  basements  by  the  Phase  2  Instructions  (Reference  11,  page  DCFI-30). 
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If  a  central  region  is  excluded  by  reducing  the  area  factor,  it  may 
be  possible  to  elevate  a  basement  from  a  lower  protection  factor 
category  to  a  higher  one.  To  verify  whether  or  not  this  is  feasible, 
it  is  recommended  that  dose  rates  be  measured  also  at  off-center 
locations  in  future  basement  experiments. 

3.  General 

It  is  recommended  that,  wherever  possible,  the  separato  basic  factors 
used  in  protection  factor  calculations  be  individually  Investigated 
experimentally.  Tills  approach  Is  perhaps  more  time  consuming  but  has 
the  advantage  of  pointing  out  directly  the  concepts  that  need  rovlBlon. 
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Discussion  of  "Technical  Operations  Research  Model 
Experiment  on  Interior  Partitions  TQ-B  63-6" 
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submitted  to  OCD  n*  Research 
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lor  minor  editorial  changes. 
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ABSTRACT 


Presented  herein  are  recommendations  for  some  revisions  in  the  NBS-NFSS 
Computer  Program  and  A  6  E  Guide,  and  suggestions  for  additional  model  experi¬ 
ments  resulting  from  a  review  of  the  Technical  Operations  Research  model  experi¬ 
ments  on  interior  partitions  reported  in  TO-B  63-6. 
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Discussion  of  "Technical  Operations  Research  Model 
Experiment  on  Interior  Partitions  TO-B  63-6" 

I.  INTRODUCTION 

OCD  Project  1115A  called  for  an  evaluation  of  new  information  on  shielding. 
Reported  In  this  appendix  are  RTI's  comments  and  recommendations  on  the  Technical 
Operations  Research  report,  "The  Effect  of  Interior  Partitions  on  the  Dose  Rate 
In  a  Multistory  Wlndowless  Building"  (Reference  1).  Tech  Ops  experimentally 
determined  the  dose  rate  in  steel  models  with  box,  corridor,  and  compartment 
partition  arrangements  using  cobalt-60  gamma  radiation.  They  found  excellent 
agreement  between  their  measurements  and  calculations  based  on  the  OCD  Engineering 
Manual  (Reference  2). 

II.  DISCUSSION 

A.  General.  The  comnonts  in  Section  II.  !i,  of  Appendix  M,  originally  sub¬ 
mitted  to  OCD  as  RTI  RM  81-7  (Reference  3),  on  the  medium  and  spectral  differences 
In  the  experimental  and  computational  models  are  applicable  to  this  series  of 
experiments.  Cobalt-60  almost  precisely  simulates  a  1.12  hr.  fission  spectrum  for 
mass  thicknesses  less  than  100  psf.  Barrier  fnctors  for  n  water  medium  such  ns 
presented  In  the  Engineering  Manual  should  be  reduced  by  20  percent  when  applied 
to  a  steel  medium  with  20  psf  mass  thickness.  This  value  Increases  to  approxi¬ 
mately  35  percent  for  an  80  psf  thickness.  One  should  expect,  therefore,  that 
the  dose  rate  measurements  would  fall  below  the  magnitudes  predicted  by  the 
Engineering  Manual.  However,  Tech  Ops'  data  lie  within  15  percent  of  the  calcu¬ 
lations.  These  results  Indicate  that  the  measured  attenuation  for  interior 
partitions  Is  somewhat  less  than  that  predicted,  or  the  partition  mass  thickness 
used  In  the  experiment  is  less  than  that  assumed  In  the  calculations.  The  60  psf 
partitions  were  comprised  of  3  thicknesses  of  1/2  inch  steel  plate.  According  to 
Reference  4  (Equation  22.1  and  Table  22.1),  this  corresponds  to  the  effective  mass 


x  =  2c//a^-  c 

=  0,931  X  480  X  3  x  (1/2)  x  (1/12) 
=  56  psf 

-  N-  3  - 


thickness 


which  is  about  1  percent  less  than  the  nominal  value  of  60  psf.  This  difference 
accounts  for  about  10  percent  difference  in  dose  rates. 


B.  Revisions  Recommended  in  Protection  Factor  Computational  Procedure, 

l.  .Gcflsial 

Tech  Ops  makes  the  following  conclusions: 

"For  the  interior  partition  geometries  investigated  In  this 
study,  a  good  estimate  of  the  effects  of  interior  partitions 
may  he  made  by  the  following: 

a.  Boit-and  Corridor  Geometries.  Multiply  the  dose  rate 
computed  in  the  center  of  the  structure  without  interior 
partitions  by  the  barrier  attenuation  factor  (Engineering 
Manual,  Chart  1,  Case  2)  for  a  mass  thickness  oqual  to 
the  interior  wall  thlckncas. 

b,  Compartment  Geometries.  Multiply  the  dose  rate  computed 
in  the  center  of  the  structure  without  interior  partitions 
by  the  barrier  factor  for  a  mass  thickness  equal  to  the 
corridor  walls  plus  one-half  the  compartment  wall  mass 
thickness," 

The  effect  of  intc. lor  partitions  can  be  readily  Included  in  protection 
factor  computations  using  the  above  prescription, 

2.  A  fr  £  .Guide 

It  is  recommended  that  revised  editions  of  the  Guide  for  Architects  and 
Engineers  (Reference  5)  include  the  instruction:  "The  proper  Interior  mass 
thickness  depends  on  the  partition  configuration.  For  box  and  corridor 
geometries,  use  a  mass  thickness  equal  to  the  interior  wall  thickness.  For 
compartment  geometries  with  corridor  mass  thickness  and  cross  partition 

-  N-A  - 


thickness  X^,  use  X^  =>  X^  +  2  X^." 


H 


CORRIDOR 


FIGURE  N-l 

Finn  View  Showing  Partitions 

No  additional  charts  will  be  required,  because  tho  simplified  method  of 

the  A  &  E  Guide  treats  interior  partitions  as  if  they  arc  located  at  tho 

exterior  wall,  X  ■  X.  +  X  . 

’  w  i  e 

3,  NBS_-  National  Fallout  Shelter  Survey  Computer  Program 

Tech  Ops  data  show  that  tho  Engineering  Manual  method  of  handling 
interior  partitions  with  azimuthal  sectors  1b  satisfactory,  RTI  has 
recommended  revisions  to  the  NBS“NFSS  Computer  Program  which  essentially 
follow  the  Engineering  Manual  method,  yet  require  only  the  Phase  2  Survey 
data  (Reference  6),  Since  these  data  are  collected  on  a  wall"  by"  wall  basis 
and  arc  not  sufficiently  detailed  to  permit  the  use  of  azimuthal  Bectors 
in  calculating  attenuation  due  to  interior  partitions,  the  azimuthal 
sectors  that  are  inherent  in  the  reconmended  changes  are  those  defined 
by  the  exterior  wall  intersections.  Consequently,  the  revised  Computer 
Program  will  not  treat  Interior  partitions  with  the  Engineering  Manual 
method.  It  is  therefore  necessary  to  program  instructions  so  that  the 
Computer  Program  can  interpret  interior  pa’ tition  data.  Corridor  and  cross 
partitions,  as  well  as  their  average  spacing  and  general  pattern,  are 
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entered  In  the  Phase  2  collection  forms  (Reference  7,  page  DCFI-24).  The 
influence  of  the  spacing  of  cross  partitions  in  compartment  geometry  on 
dose  rates  was  not  investigated  by  Tech  Ops.  However,  an  approximate 
prescription  can  be  formulated  as  follows:  The  spacing  used  in  the  experi¬ 
ment  was  such  that  if  all  cross  partitions  on  one  side  of  the  corridor  were 
rotated  90°  and  placed  end-to-end,  they  would  form  a  corridor  type  partition 
that  would  extend  practically  the  entire  length  of  the  building.  In  other 
words,  the  smeared  mass  thickness  of  the  cross  partitions  la  nearly  equal 
to  their  actual  mass  thickness.  Sufficient  data  are  available  for  the 
computer  to  calculate  smeared  mass  thicknesses.  It  la  therefore  recommended 
that: 

a.  Interior  partitions  between  a  detector  and  wall  which  have  box  cr 
corridor  goomotriea  bo  assigned  n mass  thickness  equal  to  the  sum  of 
the  Interior  wall  thicknesses. 

b.  Cross  interior  partitions  be  assigned  a  mass  thickness  equal  to  one-half 
the  smeared  mass  thickness. 

c.  The  total  interior  mass  thickness  be  set  equal  to  the  sum  of  those 
calculated  in  a  and  b. 

Consider,  for  example,  the  contribution  from  side  C  of  a  building  of  type  1 


(Reference  7,  page  DCFI-25)  shown  in  Figuie  N-2 


FIGURE  N-2 

Flan  of  Building  With  7  Cross  Partitions 
Xc  ■  40  psf,  Xp  -  20  psf,  L  -  80',  D  -  20’,  S  -  10' 

-  N-6  - 


2.  Effect  of  X  on  B  (X  ,  3').  A  basic  assumption  In  the  Engineering 

VJ  Vi  1 

Manual  In  calculating  the  attenuation  by  interior  partitions  is  that  the 

« 

angular  energy  distribution  incident  on  the  partitions  is  the  same  as  chat 

incident  on  the  exterior  wall  at  ground  level.  Thus,  the  combined  barrier 

factor  for  a  first  floor  wall  and  partition  is  B  (X  ,3')  x  B  (X. ,3').  The 

vi  e  vj  l 

A  &  E  Guide  assumes  that  the  partition  is  adjacent  to  the  exterior  wall 
and  uses  Bw(^c  +  , 3 ’ ) .  These  two  expressions  can  be  equivalent  only 

for  an  exponential  variation  of  the  barrier  factor  with  mass  thickness. 
Kefcronco  to  Chart  1,  Case  2,  of  die  Engineering  Manual  for  shows 
that  its  variation  is  simple  exponential  up  to  ■  100  psf.  If  spreading 
of  the  radiation  from  tho  wall  to  the  partition  could  bo  neglected,  ono 
might  therefore  expect  that  either  expression  above  would  give  satisfactory 
results  for  +  Xp<  ICO  pst.  For  experiments  with  Xt  +  Xc>  100  psf,  whore 
curvature  In  flic  B  curve  sets  in,  one  might  Buspect  that  the  single  factor 

VJ 

B  (X.,  3')  for  partitions  may  begin  to  break  down  unless  the  effect  of  tho 
exterior  wall  on  the  Incoming  radiation  is  taken  into  account.  In  the 
Tech  Op 8  experiments,  the  exterior  moss  thickness  was  20  psf  and  the 
interior  mass  thickness  ranged  up  to  60  psf.  The  majority  of  the  radiation 
penetrating  20  psf  walls  is  uncollided  and  lienee  behaves  very  much  like  that 
incident  on  the  walls.  If  the  walls  are  increased  to  80  psf,  most  of  the 
radiation  that  passes  through  the  walls  is  scattered.  It  is  therefore 
recommended  that  the  Interior  barrier  factor  be  measured  for  box  type 
interior  partitions  of  thicknesses  20,  40,  60  psf  in  a  building  with  80  psf 
exterior  walls  to  determine  the  influence  of  the  wall  on  the  partition 
barrier  factor.  The  barrier  factor  can  be  determined  by  comparing  the 
experimental  results  with  those  previously  measured  without  partitions. 
Although  the  dose  rates  will  be  very  low,  good  data  should  be  obtainable 
on  the  lower  floors. 
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D.  Use  of  Data  for  Estimating  Area  Factors. 


The  excellent  agreement  of  Tech  Ops'  results  with  the  Engineering  Manual 
method  justifies  the  use  of  the  manual  for  calculating  the  variation  of  dose 
rate  throughout  a  aheltert  and,  hence,  for  estimating  area  factors  (defined 
in  Reference  7,  page  DCFI-30). 
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Appendix  0 


Conclusions  and  Recommendations  of  "Technical  Operations  Research" 

the  conclusions  and  recommendations  made  by  Technical  Operations  Research 
in  References  1,  2,  3,  4, and  5  and  concurred  with  by  RTI  (see  Part  I,  Chapter  6) 
are  consolidated  in  this  appendix.  Ihey  all  result  from  measurements  token  at 
the  OCD-Tech  Ops  modeling  facility. 

1.  The  method  of  correction  for  limited  fields  of  contamination  as  presently 
used  in  the  National  Shelter  Survey  Computer  Program  (NSSCP)  con  load  to 
considerable  orror  in  the  cose  of  thick  floors.  The  NSSCP  presents  a 
slnglo  multiplicative  correction  factor  for  all  holght  positions.  Experi¬ 
mental  values  indicate  chat  when  tho  floor  thickness  is  not  groat  (x£  <  40  psf) 
a  single  correction  factor  is  adequate  for  all  floor  locations.  Howevor, 
whero  floor  thicknesses  exceed  40  psf,  one  correction  factor  applies  for 
first-floor  locations  and  a  separate  factor  is  required  for  upper-floor 
locations . 

2.  Tho  multiplicative  correction  factors  as  presented  in  Table  6  of  tho  NSSCP 
show  fair  agreement  with  experimental  values.  Presently  used  and  experi¬ 
mentally  obtained  values  are  given  in  Tables  40  and  41  of  References  l  and  2. 

3.  The  dose  rate  from  limited  strips  of  contamination  (Wc/h  <  10,  W£  <  300  feet) 
at  locations  and  heights  other  than  that  at  the  center  of  the  structure  at  a 
3-foot  height  may  be  estimated  within  25  percent  accuracy,  as  ratios  of  the 
center  position  dose  rate.  These  dose  ratios  are  given  in  Table  42  of  References 
1  and  2. 

4.  The  present  method  used  in  the  NSSCP  to  compute  the  effect  of  far-fleld  limited 
strips  of  contamination  is  to  compute  a  factor  and  multiply  this  fartor  times 
the  infinite-field  dosage.  This  factor,  the  ratio  of  the  dose  expected  from 
the  limited  field  to  that  expected  from  an  Infinite  field,  is  computed  from 
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Conclusions  und  Recommendations  of  "Technical  Operations  Research" 

The  conclusions  and  recommendations  made  by  Technical  Operations  Research 
in  References  1,  2,  3,  4, and  5  and  concurred  wiLli  by  RTI  (see  Part  1,  Chapter  6) 
are  consolidated  in  this  appendix.  They  all  result  from  measurements  token  at 
the  OCD-Tcch  Ops  modeling  facility. 

1,  The  method  of  correction  for  limited  fields  of  contend  not  ion  as  presently 
used  In  the  National  Shelter  Survey  Computer  Program  (NSSCP)  can  lead  to 
considerable  error  in  the  cuse  of  thick  floors.  The  NSSCP  prencni.s  a 
single  multiplicative  correction  factor  Cor  all  height  positions,  Experi¬ 
mental  values  indicate  Lhui  when  the  floor  thickness  is  not  great  (X^  •_  40  psf) 
j  single  correction  factor  Is  ndequuLe  for  all  Clour  locations.  However, 
where  floor  thicknesses  exceed  40  psf,  one  correction  factor  applies  for 
first-floor  locations  and  a  separate  factor  Is  required  [in-  upper-floor 
1 ocotlous . 

2.  Tlie  multiplicative  correction  factors  ns  presented  in  Table  (>  of  the  NSSCP 
show  fair  agreement  with  experimental  values.  Presently  used  and  experi¬ 
mentally  obtained  values  arc  given  in  Tables  40  and  4l  ol  References  1  and  2. 

3.  The  dose  rate  from  limited  strips  of  contamination  (W  /h  v  10,  W  <  300  feel) 

c  —  c  — 

at  locations  and  heights  other  than  that  at  the  center  of  the  structure  at  r, 

3- foot  height  may  be  estimated  within  25  percent  accuracy,  as  ratios  of  the 
center  position  dose  late.  These  dose  ratios  ore  given  In  Table  42  of  References 
1  and  2 . 

4.  The  present  method  used  in  the  NSSCP  to  compute  the  effect  of  Car-field  limited 
strips  of  contamination  is  to  compute  a  factor  and  multiply  this  factor  times 
the  inf  ini te- f iel d  dosage.  This  factor,  the  ratio  of  the  dose  expected  from 
the  limited  field  to  that  expected  from  an  infinite  field,  is  computed  from 
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air-attenuation  functions.  Thu  experimentally  measured  values  In  general 

agree  within  30  percent  of  those  computed.  Better  agreement  between  theory 

and  experiment  may  be  obtained,  however,  if  the  computation  is  performed  in 

two  steps.  These  are:  (1)  compute  Lho  effect  of  near-field  contamination 

(W  /h  <  10,  <  300  feet)  using  the  methods  mentioned  above  and  (2)  add  to 

this  the  effect  of  eontaml  nat  ion  exisLing  beyond  W  /h  »  10  or  W  »■  300  feet 

e  c  ’ 

computing  this  effect  as  belove,  as  quoted  in  Keferenceu  1  and  2. 

5,  Tlie  agreement  between  experimentally  measured  values  of  infinite-field  doue 
rate  and  those  computed  using  the  methods  of  the  "Kullout  Shelter  Surveys: 

(iuide  for  Architects  and  Engineers"  (Reference  0) ,  "Design  and  Review  of 
Structures  Cor  l’rotecLlou  from  Rollout  tlauunu  Radiation"  (Reference  7),  and 
"Description  of  Computer  1’rogram  tor  National  Rollout  Shelter  Survey"  (Refer¬ 
ence  (I)  is  excellent. 

0.  The  dsLa  obtained  from  measurement s  of  the  dose  rate  at  a  distance  corresponding 
to  fi  feet  below  ground  level  were  111  general  somewhat  higher  than  those  predicted 
by  the  methods  of  References  6,  7,  and  (1.  (These  are  the  references  listed  in 
3  above.)  Tills  discrepancy  increased  slightly  with  Increasing  dcpLh. 

7.  Tlie  fraction  of  infinite-field  dose  rate  in  basement  locations  obtained  from 
limited  strips  of  contamination  fell  on  a  common  curve  for  all  detector  depths 
within  approximately  10  percent.  The  mean  values  ns  obtained  experimentally 
in  each  of  the  four  structures  are  presented  in  Table  A3  of  References  1  and  2. 

0.  Excellent  agreement  (within  3  percent)  is  shown  between  the  dose  rate  obtained 
from  modeling  technique  on  a  phantom  structure  (no  building  present)  and  those 
previously  obtained  in  similar  full-scale  geometry  by  Rcxroad  (Reference  9). 
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Since  floor  thickness  plays  a  critical  role  In  the  dose  obtained  from  limited 
strips  of  contamination,  the  present  series  of  experiments  should  be  extended  to 
cover  the  cases  of;  0  psf  walls  nnd  80  psf  floors  and  80  psf  walls  and  20  paf 

floors 

Since  the  agreement  between  Infinite  field  values  of  experimental  and  thooroticnl 
data  obtained  in  basement  regions  1b  poor,  further  experiments  on  both  model 
and  full-scale  structures  should  be  carried  out. 

The  effect  of  floor-edge  scattering  (radiation  scattering  from  die  edge  of  a 
thick  floor  to  a  detector)  should  be  thoroughly  Investigated  nnd  analytical 
methods  should  be  developed  to  compute  this  radiation  component 
The  relative  agreement  between  experimentally  measured  values  of  Infinite  field 
dose  rate  nnd  those  computed  using  the  methods  of  the  engineering  Manual  en¬ 
titled  "Design  nnd  Hevlew  of  Structures  for  Protection  from  1'allout  (ianntwt 
Radiation"  is  excellent  for  the  three  (interior  partition)  confl gurul Ions 
Investigated 

a  llox  partitions  The  absolute  agreement  between  calculated  (Kngineerlng 

Manual)  mid  experimental  values  lor  the  center  position  is  excellent  for  the 
tt  psf  interim  partition  structure,  while  for  the  20,  AO,  and  60  psf  Interior 
partition  buildings,  the  engineer <ng  Manual  consistently  underestimates  the 
experimental  results  by  8,  10,  nnd  15  percent,  respectively  Agreement  at 
the  corner  position  is  within  5  percent 

b.  Corridor  partitions  Agreement  between  calculated  nnd  experimental  values 
for  the  center  and  corner  positions  is  within  7  percent  for  ail  corridor 
wail  mass  thicknesses  investigated  Agreement  between  calculated  and  ex¬ 
perimental  values  for  detectors  located  inside  the  corridor  at  the  off- 
center  positions  is  within  8  percent  over  all  stories 
c  Compartment  partitions  Agreement  between  calculated  and  experimental  values 
for  tl'.c  center  and  corner  positions  is  excellent.  Calculated  dose  rates 


were  bo  tween  10  and  15  percent  higher  than  experimental  dose  rates  for 
detector  locations  at  the  off-center  positions  inside  the  corridor 
13.  For  the  interior  partition  geometries  investigated  in  tills  study,  a  good 

estimate  of  the  effects  ot  interior  partitions  may  be  made  by  the  following; 
a  box  anti  corridor  geometries.  Multiply  the  dose  rate  computed  in  the  center 
of  the  structure  without  Interior  partitions  by  the  barrier  attenuation 

factor  (I'.ngl  neor  I  ng  Manual,  (.hart  I,  Cabo  2)  for  n  mass  thickness  equal 

to  the  interior  wall  thickness. 

ii  Comimr  tment.  gnome  tr  i  es .  Multiply  the  dose  rate  computed  In  the  center 

of  the  structure  without.  Interior  partitions  by  the  barrier  factor  for  a 

mass  thickness  equal  to  the  corridor  walls  plus  one-half  the  compar Itiienl 
wall  mass  thickness. 

1A.  Dose  rates  at  corner  positions  for  buildings  with  Interior  partitions  of  well 
mass  thicknesses  less  than  At)  psi  are  about  ID  percent  less  than  those  without 
partitions  and  .’(»  percent  less  for  interior  partitions  ot  thicknesses  greater 
than  At)  psf 

15.  The  fraction  of  infinite  field  dose  obtained  from  limited  rectangular  fields 
of  contamination  In  a  structure  with  interior  partitions  of  thickness  several 
times  greater  than  the  exterior  walls  Is  Identical  to  that  obtained  in  a 
similar  structure  without  interior  partitions  limes  the  barrier  effect  in¬ 
troduced  by  the  partitions. 

16  it  is  recommended  that  a  survey  of  existing  buildings  be  undertaken  to  determine 
ii  the  mass  thickness  and  interior  partition  configurations  selected  for  this 
study  arc  typical  of  those  to  be  found  in  real  structures.  If  Interior  parti¬ 
tion  configurations  are  significantly  different  from  those  tested,  further 
evaluation  of  the  Fogineering  Manual  is  required. 
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17.  Ceiling-shine  radiation,  like  skysliine  radiation,  represents  approximately 
10  percent  of  the  dose  rate  received  by  a  detector  3  feet  above  an  Infinite 
contaminated  plane  if  the  ceiling  is  of  infinite  size  and  thickness,  and  is 
parallel  to  the  contaminated  plane  above  the  detector. 

10.  Fair  agreement  exists  between  calculated  ceiling  shine  based  upon  Monte 
Carlo  albedo  coefficients  and  that  determined  by  experiment. 

19.  Ceilings  10  psf,  20  psf,  and  AO  psf  thick  reflect  approximately  75  percent, 
90  percent  and  100  percent,  respectively,  of  that  which  would  be  reflected 
by  a  celling  of  infinite  thickness. 

20.  An  adequate  and  simplified  ceiling  shine  calculatlonal  method  has  been 
developed  which  is  cast  in  the  form  of  procedures  presently  used  in  the 
OCD  Engineering  Manual. 

21.  It  is  recommended  thut  a  method  of  calculation  of  the  dose  that  would  be 
received  inside  a  structure  from  radiation  reflected  from  the  celling  be 
inserted  in  the  present  OCD  Engineering  Manual. 
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Appendix  P 


Recommended  NBS-NFSS  Computer  Program  Modifications 

I.  INTRODUCTION 

This  appendix  contains  recommendations  of  the  Research  Triangle  Institute  for 
modifying  the  existing  NDS-NFSS  Computer  Program  (Reference  1)  used  to  compute 
building  protection  factors  (PF).  These  recommendations  arc  summarized  in  Part  I, 
Chapter  7. 

The  procedures  used  in  the  present  program  arc  hasod  on  the  Guide  for  Archi¬ 
tects  and  Engineers  (Roforenco  2)  which  gives  very  conservative  building  PF's. 

It  is  generally  concluded  that  the  Engineering  Manual  method  (Roforonco  3)  of 
calculating  PF's  gives  more  accurate  results;  therefore,  the  recommondod  changoe 
arc  tlioao  which  bring  the  NBS-NFSS  Computor  Program  nearer  to  tho  Engineering 
Manual  method. 

The  proposed  recommendations  involve  chsngcs  in  tho  computational  procedures 
for  tho  contributions  from  the  roof,  exposed  basement  walls,  aroaways,  and  tho 
ground  contribution  to  upper  stories.  Included  as  a  part  of  these  rcccmimendations 
is  a  procedure  for  considering  the  contribution  from  limited  planes  of  contam¬ 
ination  and  for  determining  the  effective  maSB  thickness  of  partitions  reported 
in  Phase  2.  Functional  equations,  tables  representing  Engineering  Manual  charts, 
the  detailed  steps  necessary  to  make  hand  calculations  compatible  with  machine 
computations,  and  numerical  examples  accompany  these  recoimiendationa. 

These  recommendations  arc  based  on  the  findings  of  categorization  (see  Part  I, 
Chapter  3),  the  analysis  of  the  33  sample  buildings  (sec  Part  I,  Chapter  4  and 
Reference  4),  and  the  review  of  shielding  research  (see  Part  I,  Chapter  6). 
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II.  RECOMMENDATIONS 


Basement  Exponure 
1.  Present  Method 

For  basements  with  partially  exposed  walls  the  present  method  of  calculating 
PF's  Is  that  found  In  the  AE  Guide  (see  Reference  2).  Necessary  Inputs  are  mass 
thicknesses  of  the  partitions,  exterior  walls,  and  first  floor}  width  and  length 
of  the  building;  fraction  of  aportures  In  the  basement  and  first  story  walls; 
and  the  fraction  of  basement  wall  exposed.  The  Reduction  Factor  (RF)  or  total 
contribution  Is  found  by  adding  tho  "ground  contribution  -  below  ground  areas" 
from  Table  4  (Reference  1)  to  tho  "ground  contribution  -  abovo  ground  aroaa" 
which  la  found  by  multiplying  a  Table  3  (Roferonco  1)  valuo  by  tho  fraction 
of  boaemont  wall  exposed.  When  apertures  aro  considered,  this  equation  Is 
(using  present  compucor  program  tables  in  Reference  1  and  symbols  defined  in 
Roferonco  3)i 

RF  -  [  Table  4  ValucJ  B^  +  Exposure  jj^Tablo  3  Valuo  (XQ+X1)J  x 

[l-Ap]  +  j^Tnblo  3  Valuo  (X^J  ApJ 

For  a  flnlto  plane  of  contamination,  this  reduction  factor  (RF)  la  roduccd  by 
multiplying  it  by  a  Table  6  (Reference  l)  finite  plane  correction.  This  proce¬ 
dure  assumes  that  the  apertures  extend  from  the  basement  floor  to  the  celling. 

In  cases  where  the  exposed  portion  of  a  basement  wall  gives  the  predominant 
contribution,  the  calculation  corresponds  to  a  detector  location  at  about  grade 
level.  The  use  of  Table  3  (Reference  l)  also  Includes  a  contribution  from  direct 
radiation  which  should  be  excluded  since  the  detector  is  belcw  the  contaminated 
planes  and  does  not  receive  direct  radiation. 

2.  Recommended  Method 
a.  Procedure 


All  data  necessary  to  make  Engineering  Manual  calculations  for 


exposed  basements  are  available  from  present  Phase  1  data  with  the  exception 
of  the  height  of  apertures  in  the  exposed  wall.  The  Engineering  Manual 
method  is  therefore  recommended  for  this  calculation  which  can  be  accom¬ 
plished  by  assuming  that  the  apertures  extend  from  the  sill  height 
determined  in  Phase  2  to  the  ceiling  of  the  basement.  This  method  will 
allow  calculations  to  be  based  on  a  3  foot  detector  height  and  will 
eliminate  the  excessive  direct  radiation  now  included  in  the  calculation 
through  the  use  of  existing  Table  3.  Finite  planes  of  contamination 
will  be  handled  by  differencing  directional  rcaponaca  for  scattered 
radiation  and  multiplying  by  a  barrier  reduction  factor  for  limited  planes 
(EM  Chart  9). 

TAB  1  compares  partial  basement  exposure  reduction  factors  calculated 
with  Engineering  Manual  and  Guide  for  ArchlLcctB  and  Engineers  procedures. 
Note  that  as  stated  on  Pago  31  of  the  deBcriptfon  of  the  prosent  Computer 
Program  (see  Reference  1),  the  PP  for  a  basement  with  no  exposure  may  be 
somewhat  optimistic  using  the  AE  Guide. 

b .  Chart  Changes 

Tables  3,  4,  and  6  of  the  present  Computer  Program  (Reference  1) 
will  no  longer  tic  needed  in  basement  calculations.  Table  1  will  remain 
in  the  program  since  it  is  the  same  as  used  in  Che  EM  method.  New  tables 
representing  Engineering  Manual  Chart  2  for  wall  barrier  factor,  Chart  5 
for  Gg  and  Gq  directional  responses,  Chart  7  for  scatter  factor,  Chart  8 
for  shape  factor,  and  Chart  9  for  wall-scatter  barrier  factor  should  be 
added  to  the  program. 

c.  Functional  Equations 

The  basic  equation,  using  symbols  contained  in  Table  5  of  Reference  3, 
for  each  of  the  four  sides  Is: 

MALI  -  PrB;  <x;)  Bw(Xlf3')  [  (1-V  ^l+V  +  pa  S] 


P  ■  Fraction  of  wall  above  sill  level  occupied  by  apertures 
a 

C1  -AG9(U>  W  E  <e>ABwsH’Xe> 

C2  “AGa^  [X  *  W]  WV 
C3  “AVW> 

(1)  The  equation  1b  used  four  time*  for  exposed  basement*  for 
each  plane  of  contamination  on  a  building  side.  (Once  on  each 
contributing  story  for  the  region  of  the  wall  below  the  sill 
with  ■  0  and  once  for  the  region  above  sill  level.) 

(2)  If  the  plane  of  contamination  Is  an  Infinite  field,  replace 

AB  ((J  ,X  )  in  C,  by  B  (X  ,H  ). 

LS  ws'“a'  e'  1  1  w'  e*  u 

(3)  Set  Cj  ■  •  0  for  the  second,  third,  ...  planes  of  contamination 

on  a  building  side. 


(1)  Comments 


(a)  If  basement  wall  Is  not  partially  exposed,  calculate  the 
In  and  down  contribution  from  the  first  story  walls,  then  from 
the  second  story  walls  using  the  same  computational  scheme. 

(b)  If  wall  Is  partially  exposed,  calculate  the  contribution  from 
the  adjacent  wall  and  first  xtory  wall  only. 

(c)  The  above  two  computations  Include  no  contribution  from 
direct  radiation.  Thus,  If  Che  detector  la  above  a  plane  of 
contamination,  use  the  procedure  for  an  upper  story  detector 
location. 

(d)  It  la  assumed  In  calculating  (a)  and  (b)  above,  that  che 
apertures  have  the  correct  lower  sill  level  but  extend  all 
the  way  lo  the  celling  (the  total  area  ol  apertures  Is  not 
changed) . 
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(e)  Solid  angle  fractions  (cj)  are  to  be  calculated  using 
the  equation 

‘  ^  u“‘l 

Note:  This  equation  is  used  to  calculate 
solid  angle  fractions  In  all  of  the 
reconaended  procedures. 

(2)  Symbols  Used 

D  -  distance  from  detector  to  exterior  wall 

XE  *■  exterior  maas  thickness  of  exposed  basement  vail 

XEP  •  exterior  mass  thickness  of  first  story  wall  above 

detector 

XEQ  -  exterior  mass  thickness  of  second  story  wall  above 
detector 

XPR  «  mass  thickness  of  first  floor 

XPS  -  mass  thickness  of  socond  floor 

XI  •  intorior  wail  masB  thickncBO  betwoon  detector  and 
contributing  wall 

AP  »  fraction  of  area  of  exposed  extorior  basement  wall 
which  ia  occupied  by  apertures 
APP  »  fraction  of  area  of  exterior  wall  of  first  story 
above  detector  which  is  occupied  by  apertures 
APQ  *  fraction  of  area  of  exterior  wall  of  second  story 
above  detector  which  is  occupied  by  apertures 
Pf  ■  ratio  of  the  length  of  this  wall  to  the  perimeter 
of  the  building  at  detector  height 
L  ■  length  of  this  wall 

HB  “  height  of  basement 

HP  -  height  of  first  story 

HS  =  height  of  second  story 
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HD  -  detector  height  above  basement  floor  (3  ft) 

HSB  ■  height  from  basement  floor  to  lower  sill  of  apertures 
in  exposed  basement 

HSF  “  height  from  first  floor  to  lower  sill  of  first  story 
apertures 

HSS  ■  height  from  second  floor  to  lower  sill  of  second  story 
apertures 

UP  ■  height  of  contaminated  plane  above  first  floor 

(negative  values  correspond  to  exposed  basement) 

Dl  "  distance  from  exterior  wall  to  innor  boundary  of  con¬ 
taminated  plane 

D2  -  distance  from  exterior  wail  to  outer  boundary  of  con¬ 
taminated  plane 

(For  the  location  of  this  data  on  the  Phase  1  and  2  Data 
Collection  Forms  see  TAB  2.) 

(3)  Detail  Calculations 

(Chart  references  are  to  the  Engineering  Manual. ) 

(a)  Calculate  the  contribution  from  the  adjacent  wall  penetrating 
below  the  aperture  sill  level.  Set  Xp  ■  XE 

_1.  Look  up  fT  (X^)  -  Chart  1,  Case  3  Entry  X^  ■  XO  ■  0 
(This  will  be  unity  for  XO  -  0.) 

2.  Look  up  B  (X.,3')  Entry  X.  “  XI 

W  1  1 

3.  P  -  0 

—  a 

4.  ZO  ■  IIB  -  HD  +  HP  (from  detector  to  ground) 

5.  W  -  2D 

f>.  In'  rrchange  W  and  L  if  L  <.  W 
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2.  NO  -  2  x  ZO/L 

8.  EO  =  W/L 

2..  Calculate  <JU(NO,EO) 

Result:  0MEG1 

10.  Repeat  Steps  through  2.  with  new  Z  value 
Z2  =  HSB-HD  (from  detector  to  sill) 

Result:  0MEG2 

11.  Look  up  Gg(OMEGl),  G8(OMEG2),  Gg(OMEGl)  , 

G  (OMEG2)  -  from  Chart  5 
a 

12.  AGa  "  G„  (OMEG2)  -  G8(0MEG1)  ^  ^  ghould 

li>  Acft  ■  Ga  (OMEG2)  -  Ga(OMEGl)  j^novor  be  negative 

J£.  Look  up  3w(XE)  -  Chart  7 
12.  Look  up  F.  (EO)  -  Chart  8 

Ik-  HU  -  -  HP/ 2  (height  from  piano  of  contamination 
to  midwall) 

Set  HU-3'  if  above  value  Is  loss  than  3' 

12«  Look  up  Bw  (Xo,HU)  -  Chart  2 

12.  If  Infinite  piano,  sot  “B„(X  , HU) 

"8  W  0 

ii-  If  finite  plane  adjacent  to  building,  calculate 
W  1-2(0  2) 

Li-htWl 
Nl-2  x  HU/LI 
E1-W1/L1 

Calculate  U(N1,E1) 

OMEGS  »W(N1,E1)/Z 

Look  up  B  (OMEGS, X  )  -  Chart  9 

ws  e 

Set  A®  "B 

ws  ws 

20.  If  finite  plane  detached  from  building, do 
19  with  D2  to  get  B  ,  and  with  D1  to  get 

~ “  WS  L 
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then  form 

ABva"Bws2  *  Bwal  (ABwa  ,hould  nev,r  be  n«8*tlv«-> 
[In  general,  only  the  £lrat  plane  will  contribute 
through  the  exposed  wall.  Outer  planea  may  con¬ 
tribute  through  the  flrat  and  second  story  walla. 
Only  the  region  of  the  wall  above  the  level  of  con¬ 
tamination  will  contribute  wall  scattered  radiation. 
Consequently,  0MEG1  in  Step  (only)  should  be 
calculated  with  a  ZO  value  from  the  detector  to 
the  plane  if  the  plane  llee  between  the  floor 
level  and  ceiling  for  the  wall  whose  contribution 
is  under  consideration  (l.e.,  ZO  ■  HB-Himtf). 

Pa  must  be  Interpreted  as  the  fraction  of  wall 

above  the  plane  occupied  by  the  apertures. 

Assuming  that  the  apertures  extend  to  the  celling, 
Pfc  ■  (aperture  fraction  from  FOSDIC)  x 
(wall  height  from  floor  to  above  floor)/ 

(wall  height  minus  the  distance  that  the 
plane  la  above  the  floor) 
when  the  plane  Is  below  sill  level,  and 
P#  -  (aperture  fraction  from  FOSDIC)  x 
(wall  height  from  floor  to  above  floor)/ 

(wall  height  minus  sill  level) 
when  tho  plane  lies  between  the  sill  level  and 
the  celling. 

Neglect  mutual  shielding  of  skyahlne.  If  the 
detached  plane  extends  to  infinity,  set 


B  ,  •  B  (.’:  ,HU).) 
ws2  w'  e’  ‘ 


-  P-10  - 


2L.  Cl  -  (Agb)  swe  (Abw8) 

22^  C2  -  (ACa)(l*Sw)  Bw 
2L.  C3  ^Ga 

24.  WAU  -  Pr^(X0>  Bw(xi.3’)  [(l*V  (C1+C2)  +  P#C3] 

Repeat  Steps  1-24  for  each  plane  and  gum  WAti. 

If  the  plane  la  higher  than  the  above  floor, 
disregard  It.  Also,  If  a  2nd,  3rd,  ...plane 
la  lower  than  a  closer -In  piano,  neglect  the  lower 
plane. 

(b)  Calculate  the  contribution  from  the  adjacent  wall  pene¬ 
trating  above  the  sill  level. 

Repeat  (a)  with  the  following  changes  In  the  steps  noted. 
2*.  -  (APX-liP)/  j(HB)-(HSB)j  (scaled  up  aperture 

fraction) 

4.  ZO>HSB-HD  (from  detector  to  Bill  -  note  this 
calculation  will  be  available  from  (a)  ) 

1!L  Z2»HB-IID  (from  detector  to  first  floor) 

Obtain  WAL2 

(c)  Calculate  the  contribution  from  the  first  story  wall  below 
the  sill  level. 

Repeat  (a)  with  (Xq  ■  XKP)  snd 

1^  XO-XPR 

3.  P  -0 
—*•  a 

4j_  ZOHB-HU  (from  detector  to  first  floor  -  these  data 
were  calculated  in  (b) ) 

10.  Z2»HSF+HB-HD  (from  detector  to  first  story  sill) 

-  P-  11  - 


16 


HU-  ~  -  HP 


Obtain  WAL3 


(d)  Calculate  the  contribution  from  the  first  story  wall 
above  the  sill  level. 

Repeat  (a)  with  (Xg  -  XEP)  and 

1.  XO-XPR 

2.  Pa-(APP)  (HP)/(HF-HSF) 

ZO-HSF+HB-HD  £from  detector  to  first  story  sill  - 
available  from  (c)j 

10.  Z2-HP+HB-HD  (from  detector  to  second  floor) 

12-  HU-  ^  -  HP 
Obtain  UAL4 

(e)  WALD  A-WAL  l+WAL  2+WAL  3  +WAL4 

(f)  Repeat  (a-o)  for  the  other  throe  walls  and  sum  the 
values  for  WALD  to  obtain  the  total  contribution  from  all 
walls,  planes,  and  stories. WALD  -  WALDA  +  WALDB  +  WALDC  +  WALDD 

(g)  When  the  contribution  from  tho  second  story  is  required 
(Bee  II.A.2.d.(l)(a)  and  (b)  above) 

i.  Repeat  (a)  with  (Xe"XEQ)  and 

1.  XO-XPR+XPS 

3.  P  -0 
“  a 

£.  ZO-HF+HB-HD  ^from  detector  to  second  floor  - 
available  from  (d)j 

10.  Z2-HSS+HF+HB-HD  (from  detector  to  second  story 
sill) 

12.  HU-  +HF-HP 

Obtain  WAL5  (contribution  from  below  sill) 


-  F- 12  - 


2.  Repeat  (a)  with  (Xe“XEQ)  and 
1.  XO-XPR+XPS 

3.  P  -  (  APQ) (HS)/(HS-HSS) 

4.  ZO-HSS+HF+HB-HD  (available  from  above) 

10.  Z2=HS+HFt-HB-HD  (from  detector  to  third  floor) 
1£.  HU-  ®|  +HF-HP 

Obtain  WAL6  (contribution  from  above  Bill) 

2.  The  total  contribution  for  this  building  aide  from 
the  first  and  second  stories  la 
WALDA-WAL3+WAL4+WAL5+WAL6 


P-13 


XEQ  -  60 
XPR  •  80 
XPS  •  60 
XI  -  20 
AP  •  - 
APP  -  0.2 
AFQ  -  0.2 

Fr  -  L^/( L^+Lg+L^Ljj)  -  80/2x(80+140)  -  0.1817 
L  -  LA  -  80 


HB 

■ 

13 

HF 

10 

HS 

10 

HD 

3 

HSB 

- 

HSF 

5 

HSS 

5 

HP 

0 

D1 

m 

P-1  4  - 


D2  =  - 

It  Is  determined  that  only  an  infinite  plane  contributes, 
and  that  the  entire  first  and  second  story  walls  are  struck 
by  radiation  from  this  plane,  i.e.,  HP  £  0. 


(Follow  II.  A.  2.  d.  (3)  (c)  ) 

X  ■  60 

c 

1^  XO  -  80 

(80)  -  0.0185 

i*.  XI  -  20 

D  (20,3')  -  0.60 
w 

11.  P„  ■  0 

4*.  ZO  -  13  -  3  -  10 

^  w  »  2  x  70  »  140 

6j,  W  =80 

L  =  140 

it  NO  -  2  x  10/1  AO  -  0.143 

8*.  EO  =  80/140  «  0.  57 

9j_  0MEG1  »  0.82 

10,  Repeat  ft  through  9  with  new  Z  value, 
Z2  -  5  +  13  -  3  =  15 
5^.  W  =  140 

6j_  W  =  80 

L  =  140 

7j_  NO  =  2  x  15/140  =  0.214 
8j_  EO  =  80/140  -  0.  57 
9.  0MEG2  =  0.73 


P-15  - 


11. 

G  (0MEG1)  - 

8 

0.195 

Gb(0HEG2)  - 

0.268 

G  (0MEG1)  - 

a 

0.0505 

G  (0MEG2)  - 

0.066 

12. 

AG8  -  0.268 

-  0.195  -  0. 

073 

13. 

^G#  -  0.066 

-  0.0505  ■  0 

.0155 

14. 

S  (60)  -  0.63 
w 

15. 

E(0. 57)  -  1.37 

16. 

HU  -  (HP/2)  - 

HP  -  5 

17. 

Bw(60,5)  -  0. 

22 

18. 

ABw.  -  °-22 

21. 

Cl  -  0.073  x 

0.63  x  1.37 

x  0.22 

-  0.0138 

22. 

C2  -  0.0155  x 

:  (1-0.63)  x 

0.22  - 

0.00126 

23. 

C3  -  0.0155 

24. 

WAL3  -  0.1817  x  0.0185  x 

0.60  [ 

(1-0)  (0.0130 

+  0  X 


0.0155] 


Pq  -  0.2  x  10  /  (10-5)  -  0.4 


0.0000303 
Only  one  plane  contributes. 

(c)  Contribution  from  first  story  wall  above  sill  level 
(Follow  IX.  A.  2.  d.  (3)  (d>> 

Only  the  changed  values  arc  noted. 

4^  to  0HEG1  “  0.73  (same  as  0HEG2  above) 

10.  4j.  Z2  -  10  +  13  -  3  -  20 

W  -  140 

6i  W  -  80 

L  -  140 

7±  NO  -  2  x  20/140  -  0.266 
8.  EO  -  0.57 


P-16  - 


9.  OH EG 2  -0.66 


11.  Gg (0HEG1 )  -  0.268 

G  (0MEG2)  -  0.301 
6 

G  (OMEGl)  -  0.066 

a 

Ga(OMEG2)  -  0.0727 

12.  AG  «  0.301  -  0.268  -  0.033 

-  *-*  s 

13.  Ac  -  0.0727  -  0.0660  -  0.0067 

-  a 

21.  Cl  -  0.033  x  0.63  x  1.37  x  0.22  -  0.0063 
22^  C2  -  0.0067  (1-0.63)  x  0.22  -  0.000545 

23.  C3  -  0.0067 

24.  WA1.4  ■  0.1817  X  0.0185  x  0.60  [jl-0.4)  (0.0063  +  0.000545) 

+  0.4  x  0. 0067^j  •  0.0000137 
Only  one  piano  contributes. 

(d)  Contribution  from  second  BtotV  wall  below  Bill  level 
(Follow  XI.  A.  2.  d.  (3)(g)  Jk) 

Only  the  values  which  are  dlfferenl  from  the  preceding  calcula¬ 
tion  are  noted. 

JU  XO  ■  80  +  60  ■  140 
(140)  »  0.0015 
2^  -  0 

2^  1°  2i  OHEGl  -  0.66  (same  as  0MEG2  In  preceding  calculation) 

10.  7.2-5+10+13-3-25 
2i.  NO  -  2  x  25/140  -  0.  357 
9^  0HEG2  -  0.60 

11.  Gg (OMEGl)  -  0.301 

Gg (0MEG2)  -  0.335 
Gg (OMEGl)  -  0.0727 
Gg (OMFG2)  ■  0,0785 

12.  -  0,335  -  0,301  -  0.034 

-  P-17  - 


13.  ^Ga  -  0.0785  -  0.0727  “  C.0058 

16.  HU  -  10/2  +10-0-15 

17.  B  (60,15')  -  0.17 
■  w 

“L  ABws-°-U 

21.  Cl  -  0.034  x  0.63  x  1.37  x  0.17  -  0.00499 
22_;_  C2  -  0.0058  x  (1-0.63)  x  0.17  -  0.000364 

23.  C3  -  0.0058 

24.  UAL 5  -  0.1817  x  0.0016  x  0.60  [(1-0)  (0.00499  +  0.000364) 

+  0  x  0.005B j  -  0.00000093 
Only  one  plane  contributes. 

(e)  Contribution  from  second  story  wall  above  sill  lovol 
(Follow  II.  A.  2.  d.  (3)(g)  2J 

Only  the  values  which  arc  different  from  the  preceding  calcula¬ 
tion  arc  noted. 

3.  1'  -  0.2  x  10/(10-5)  -  0.4 

—  a 

4k  to  9^  0WKG1  -  0.6  (same  as  0MEG2  in  preceding  calculation) 

10.  4j_  Z2  -  10  +10+13-3-30 
7^  NO  -  2  x  30/140  -  0.428 

9_j_  0MEG2  -  0.53 

11.  G^OMEGl)  -  0.335 
Cs(CMEG2)  -  0.364 

G  (0MEG1)  -  0.0785 

a 

G  (0MEG2)  =  0.0826 

a 

12.  -  0.364  -  0.335  -  0.029 

13.  ^\Ga  -  0.0826  -  0.0785  -  0.0041 


P-  1  8  - 


2U_  Cl  -  0.0029  x  0.63  x  1.37  x  0.17  -  0.00426 
22j_  C2  -  0.0041  x  (1-0.63)  x  0.17  »  0.000258 
23_j_  C3  “  0.0041 

24.  WAL6  -  0.1817  x  0.0016  x  0.60  [(1-0.4)  (0.00426  +  0.000258) 

+  0.4  x  0.004lj  -  0.00000076 

Only  one  plane  contributes. 

(£)  Total  Contribution  from  A  side 
WALDA  ■  0.000030  +  0.0000137  +  0.00000093  +  0.00000076 
-  0.0000454 

(2)  Contribution  from  C  side 

Similarly,  total  contribution  from  Bide  C  is 
WALBC  *  0.0000454 

(3)  Contribution  from  B  side 

(a)  Data  for  adlaccnt  plnnc 

Use  tho  samo  data  as  for  tho  A  side  with  the  following 
exceptions . 

D  -  40 

“  140/440  -  0.318 

L  -  140 
D2  -  70 

It  la  determined  that  radiation  from  tills  plane  strikes  all 
of  the  first  and  second  story  walls. 

(b)  Contribution  from  first  story  wall  below  sill  level 
(Adlacent  plane) 

Same  results  as  in  (1)  (b)  except  for 
5.  W  »  2  x  40  »  80 
18. 

19.  W1  -  2  x  20  -  40 


-  P-19  - 


Li  -  140  +  40  -  180 


N1  -  2  x  5/180  -  0.0556 

El  -  40/180  -  0.222 

t J  -  0.85 

OMEOS  "  0.425 

B  (CMEGS  fX  )  -  0.060 
wo  e 

A®wb  -  °-06 

2U.  Cl  •  0.073  x  0.63  x  1.37  x  0.06  -  0.00375 
24.  WAL3  -  0.318  x  0.0185  x  0.60 

[(1-0)  (0.00375  +  0.00126)  +  0  x  0.0155] 

-  0.0000177 

Only  one  plane  contributes. 

(c)  Contribution  from  first  story  wall  above  sill  level 
(Adjacent  plant) 

Same  roaults  ae  in  (l)(c)  except  for 
5;.  W  -  2  x  40  -  80 
18. 

19.  ^\bw8  *  0.06  (same  as  in  preceding  calculation) 

2JL  Cl  •  0.033  x  0.63  x  1.37  x  0.06  -  0.00171 
24.  WAL4  -  0.318  x  0.0185  x  0.60 

[(1-0.4)  (0.00171  +  0.00055)  +  0.4  x  0.0067] 

-  0.0000143 

Only  one  plane  contributes. 

(d)  Contribution  from  second  a Cory  wall  below  till  level 
(Adjacent  plane) 

Same  results  as  In  (1)  (d)  except  £or 
5^  W  -  2  x  40  -  80 
18. 

19,  W1  -  2  x  20  -  40 

Li  •  140  +  40  -  180 

N1  -  2  x  15/180  •  0.1667 
-  P-20- 


El  -  40/180  »  0.222 


(*)  -  0.59 
OMECS  -  0.285 
Bw8(0MEGS,Xe)  -  0.028 
ABwS  -  0.028 

21.  Cl«  0.029  x  0.63  x  1.37  x  0.028  -  0.000701 
24.  WAL5  -  0.318  x  0.0016  x  0.60  [(1-0)  (0.000701 
+  0.000364)  +  0  x  0.0058]  -  0.000000325 
The  second  plane  contributes  in  this  region  since  its 
elevation  Is  between  the  second  floor  and  tho  sill  level. 
This  contribution  Is  calculated  below  In  (3)  (g) 

(o)  Contribution  from  second  story  wall  above  sill  level 
(Adjacent  nlnno) 

Same  results  as  In  (1)  (e)  except  for 
5j.  W  •  2  x  40  •  80 
18. 

19.  A®va  "  (Bamo  •*  preceding  calculation) 

21.  Cl  •  0.029  x  0.63  x  1.37  x  O.02B  •  0.000701 
24.  WAL6  -  0.318  x  0.0016  x  0.60  [(1-0.4)  (0.000701 
+  0.000258)  +  0.4  x  0.004l]  -  0.00000068 
The  second  plane  also  contributes.  Sec  (3)(g) 

( f )  Data  for  second  plane 

Use  the  same  data  as  for  the  A  side  with  the  following 
exceptions. 

D  »  40 

p  .  14,0/640  *  0.318 

r 

L  -  140 
HP  -  12 


P-21 


Dl  -  20 


D2  -  100 

(g)  Calculations  for  second  plane 

Since  HF<HP<HF  +  HSS,  Che  radiation  does  not  strike  all 
of  the  second  story  wall.  Same  results  as  In  a.  (1)  (e) 
except  for  C2  ■  C3  ■  0 

3.  P  -  APQ  x  HS/(HP  +  HS  -  HP) 

—  a 

-  0.2  X  10/(10  +  10  -  12)  -  0.25 
(Note,  if  HF  +  HSS<HP<HF  +  HS,  the  value  for 
in  a.  (1)  (e)  should  be  used.) 

4^  Z0  ■  HB  -  HD  +  HP  ■  13  -  3  +  12  ■  22 
JL  W  -  2  x  40  -  80 
7^  NO  »  2  v  22/140  ■  Q.314 
9_;_  OMEG1  -  0.63 

11.  G  (0MKG1)  -  0.32 

12.  &Ga  -  0.364  -  0.318  -  0.046 

16.  HU  -  HS/2  +  HF  -  HP  -  10/2  +10-12-3 

17.  Bw(60,3)  -  0.25 

18. 

20.  W1  -  2  x  100  -  200 

U  -  140  +  200  -  340 

N1  -  2  x  3/340  -  0.01765 

El  -  200/340  -  0.589 

-  0.979 

OMEGS  -  0.49 

B  , (OMEGS, X  )  -0.15 
vs2  ’  c 

Repeat  with  Dl 
W1  -  2  20  •  40 

LI  -  140  +  40  *  180 

-  P-2  2  . 


N1  -  2  x  3/180  -  0,0333 


El  -  40/180  »  0.222 

(J  -  0,905 

OMEGS  “  0.45 

B  , (OHEGS,X  )  -  0.085 
wsl  e 

AB  -  0.15  -  0.085  -  0.065 
vs 

21.  Cl  "  0.046  x  0.63  x  1.37  x  0.065  -  0.00258 

22.  C2  -  0 

23.  C3  -  0 

24.  WAL62  -  0.318  x  0.0016  x  0.60  [(1-0.25)  x  0.00258] 

-  0.00000059 

(h)  Total  contribution  from  B  aide 

WALDB  -  0.0000177  +  0.0000143  +  0.000000325  +  0.00000068 
+  0.00000059  -  0.0000336 

(4)  Similarly  the  contribution  from  D  la 
WALDD  -  0.0000336 

(5)  The  total  wail  contribution  is 

WALD  -  0.0000454  +  0.0000336  +  0.0000454  +  0.0000336 
-  0.000158 

b.  Basement.  Exposed 

Same  problem  as  before,  except  the  infinite  plane  on  the  A  side  is 
located  5  feet  below  the  first  floor. 

Since  the  basement  is  partially  exposed,  only  the  adjacent  and 
first  story  contributions  arc  calculated.  Thus,  we  obtain  the  follow¬ 
ing  contributions  from  the  B,  C,  and  D  sides  from  the  first  story  cal¬ 
culations  for  the  unexposed  basement. 

WALDB  »  0.0000177  +  0.0000143  -  0.000032 
WALDC  -  0.0000300  +  0.000013/  =  0.0000437 
WALDD  -  0.000032 

-  P-23  - 


(1)  Contribution  from  A  side 


(a)  Data 

Same  aa  a.  (1)  (a),  unexposed,  except 
XE  -  60 
AP  -  0.2 
HSB  -  10 
HP  -  -5 

(b)  Contribution  from  exposed  basement  wall  below  Bill  level 

(xollow  II.  A.  2.  d.  (3)  (a)) 

X  -  60 
c 

1.  X  -  0 

-  o 

B'  -  1.0 
o 

2_.  ■  20 

Bw(X1,3)  -  0.6 

3.  r  -  o 

—  a 

A.  Z0  -  13  -  3  -  5  -  5 
5_.  W  -  2  x  70  -  1A0 
6.  W  -  00 
L  -  l A0 

7..  NO  -  2  x  5/IA0  -  0.071A 

8.  EO  -  80/1A0  -  0.57 

9.  0MEG1  *  0.91 

10.  A.  Z2  »  10  -  3  -  7 

7.  NO  =  2  x  7/IA0  -  0.1 
9.  0MEG2  -  0.87 
U.  G£  (0MEG1 )  -  0.10A 
Gs(0MEG2)  -  O.IAS 
Ga(0MEGl)  -  0.0280 
Ga(0MEG2)  -  0.0A0 

-  P- 2A  - 


•nutitJ 


12. 

AGs  “ 

0.145  - 

0.104 

-  0.041 

13. 

AGa" 

0.040  - 

0.028 

-  0.012 

14. 

S  (60) 
w 

-  0.63 

15. 

E(0. 57) 

1  -  1.37 

16. 

HU  -  - 

<-5)/2 

-  2.5 

HU  -  3 

17.  B  (60,3)  -  0.25 
■  ■■  w 

18.  Ab  -  0.25 

-  i- 1  WB 

_2_li  Cl  ■  0.041  x  0.63  X  1.37  x  0.25  -  0.00884 
22_j.  C2  ■  0.012  x  (1-0.63)  x  0.25  -  0.0011 
2L  C3  ■  0.012 

24.  WAL1  -  0.1817  x  1  x  0.6  x  [(1-0)  (0.00B84  +  0.0011) 

+  0  x  0.012j  -  0.00108 

(c)  Contribution  from  exposed  basement  wall  above?  sill  level 
(Follow  XX.  A.  2.  d.  (3)  (b)) 

Same,  as  preceding  calculation  oxcopt 
3i  rfl  -  0.2  [-(-5)]  / (13-10)  -  0.333 

2k  to  0MKC1  »  0.87  (same  sb  0MKG2  li>  preceding  calculation) 

10.  Vj.  Z2  •  13  •  3  -  10 

9 ,  0MEG2  ■  0.82  (same  as  OMEG 1  In  a.  (1)  (b) ,  unexposed.) 

11.  G  ( 0MEC 1 )  -  0. 145 

-  B 

Gs(OMEG2)  ■  0. 195 
G  (OMEG1)  -  0.040 

A 

G  (0Mc,G2)  -  0.0505 

a 

12.  Ags  -  0.195  -  0.145  =  0.050 

13.  ^Ga  -  0.0105 
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ru  CL  -  0.050  X  0.63  x  1.37  x  0.25  -  0.0108 
22;_  C2  »  0.0105  x  (1-0.63)  x  0.25  -  0.0097 

23.  C3  -  0.0105 

24.  WAL2  -  0.1817  x  1  x  0.6  x  [(1-0.333)  (0.0108  +  0.0097) 

+  0.333  x  0.0105]  »  0.00187 

(d)  Contribution  from  first  Btorv  wall  below  sill  level 
Same  as  a.  (1)  (U),  uncxposcd,  with  changed  HP. 

16.  HU  -  10 

17.  B  (00,10)  •  3.18 

w 

18  Ah  "  0,18 

-  £_i  va 

21 ■  Cl  -  0.0/J  x  0,63  x  1.37  x  0.18  “  0.0113 

32.  (12  -  0.0155  x  ( 1  -0.03)  x  0.18  *  0.00103 

26.  WAJ.3  “  0.0000303  x  0.18/0..M  -  0.000026 

(c)  Cunt  rllmtlon  I  vom  first  story  wall  above  sill  level 

Same  as  .1.  (I)  (c),  unexposed,  wllli  preceding  change  associated 

with  IIP, 

21  ■  Cl  «■  0.0063  x  0.18/0.21  -  0.0054 
22.  C2  -  0.000545  x  0,18/0.21  »  0.000468 

24.  WA1.4  -  0,1817  x  0.0185  x  0.60  [(1-0.4)  (0.0054  +  0.000468) 

+  0.4  x  0.0067]  =  0.0000125 

(  f )  fnijl  cunt  r  1  hut  1  on  l’rnm  A  side 

WAI.DA  =  0. 00108  +  0.00187  +  0.000026  +  0.0000125  =  0.00299 
(2)  Total  Contribution  for  all  walls 
WAI.D  -  WALDA  +  WALDB  +  WAI.0C  +  WAI.DI) 

WALD  •  0.00299  +  0.000032  +  0.0000437  +  0.000032  =  0 . 00J 1 
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B.  Roof  Contribution 


1.  Present  Method 

Roof  contribution  is  presently  calculated  by  the  AE  Guide  method  which 
uses  the  area  of  the  roof  and  does  not  account  for  variations  in  contribution 
because  of  the  shape.  Inputs  required  to  make  this  calculation  are  mass  thick¬ 
nesses  of  the  partitions,  floors  and  roof;  width  and  length  of  the  core  and 
building;  location  of  setbacks;  and  the  perpendicular  distance  from  the  detector 
to  the  plane  of  the  contributing  roof. 

2.  Recommended  Method 
a.  Procedure 

The  Engineering  Manual  (EM)  method  of  calculating  roof  contri¬ 
bution  requires  no  additional  inputs  of  data.  TADS  5  and  6  compare 
the  contributions  as  calculated  by  the  AE  Guido  mid  EM  methods  for 
roofs  of  various  buildings  which  do  not  have  interior  partitions, 

TAB  7  compares  contributions  os  calculated  by  the  same  two  methods 
for  roofs  of  bulldlnRS  which  have  partitions.  The  EM  method  rcsultB 
in  a  small  decrease  in  contribution  for  buildings  without  interior 
partitions,  whereas  larger  differences  arc  noted  in  rectangular 
buildings  with  partitions. 

The  Engineering  Manual  method  is  recommended  for  calculating 
main  roof  and  setback  roof  contributions  for  all  buildings  without 
partitions  and  for  those  with  partitions  reported  in  Phase  1. 

Interior  partition  data  from  Phase  2  are  not  recommended  for  use  in 
calculating  roof  contribution  at  this  time.  For  buildings  without 
uniform  partitions  from  floor  to  floor  there  are  too  many  required 
manipulations  to  justify  machine  computations.  Survey  experience 
indicates  that  many  types  oi  buildings  such  as  apartments,  hotels, 
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schools,  hospitals,  etc,,  have  the  same  partition  arrangement  on 
most  stories. 

b.  Chart  Changes 

Table  2  of  Reference  1  will  no  longer  be  needed  in  roof  calculations. 

New  tables  representing  Engineering  Manual  Chart  4  for  roof  contri- 
buClon  and  Shelter  Design  and  Analysis  Manual  (ace  Reference  5)  . 

Chart  11  for  vertical  barrier  factors  should  be  added  to  the  program. 

Table  7  will  remain  in  the  program  for  the  skyshine  correction  to 
roof  contribution. 

c.  Functional  Equations 

Using  symbols  contained  in  Tablo  5  of  Reference  3,  the  basic  equation 

for! 

(1)  a  building  with  interior  partitions  but  without  a  setback 
is 

RUFDOS  -  +  (C2  -  »•]  ^Skyshine  Correction J 

in  which: 

C.  ■  C  (6J'.  X  )  Contribution  from  core 

1  o  U*  o 

C2  "  CQ  (tO(i,  X^)  Contribution  from  total  roof 
Bj  ■  Interior  partition  barrier  factor  from  Chart  11  of 
Reference  5 

(2)  a  building  with  a  setback  (as  illustrated  by  Figure  1  of 
Reference  1)  is 

RUFDOS  »  [Cl  +  i  (C2  -  C x)  +  h  (C3  -  C4>]  Skyshine  Correction 
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A 


in  which  additional  contributions  arc 

C„  ■>  C  (£J',X  )  Contribution  from  total  roof  at  height  of  setback 
3ooo 

=  c„  W0*x05  Contribution  from  core  at  height  of  setback  , 

d.  Calculations 
(1)  Comments 

(a)  The  center  of  the  shelter  area  (data  available  in  columns 
44-49  of  Phase  2  DCF)  need  not  be  the  center  of  the  building 
and  more  than  one  setback  may  be  on  the  same  story  as  illus¬ 
trated  by  Fig.  4  of  Reference  1,  since  the  building  is  divided 
into  four  fictitious  buildings,  The  roof  calculaLlun  la  re¬ 
peated  four  times  using  Phase  2  detector  location  data  and 
Phase  1  setback  data.  Total  roof  contribution  is  determined 
by  adding  one- fourth  of  cacti  value. 

(b)  because  buildings  ot  complicated  shapes  may  be  divided  Into 
several  parts,  a  determination  of  whether  the  first  con¬ 
taminated  plane  is  grade  or  a  neighboring  roof  should  be 

made  as  la  done  in  the  present  program  (see  p.  25  of  Reference 
1).  If  the  first  contaminated  plane  is  determined  to  be  a 
roof,  and  the  detector  lieu  below  it,  the  neighboring  roof 
is  treated  as  s  peripheral  setback  with 

X  ■  the  total  mass  thickness  of  horizontal  barriers 
o 

between  the  detector  and  the  contributing  roof  in 
the  part  of  the  building  containing  the  detector. 

Xj  *  the  sum  of  the  mass  thicknesses  of  the  interior 
psrtitions  and  the  exterior  wall  between  the 
detector  and  the  neighboring  roof. 
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(c)  Setbacks  and  neighboring  roofs  which  lie  below  the  detector 
level  are  treated  as  regular  planes  of  contamination  for 
ground  contribution  to  detectors  above  grade. 

(d)  When  Phase  2  data  are  not  available  for  the  location  of  the 
center  of  the  shelter  area,  the  detector  is  located  in  the 
center  of  the  building  part. 

(c)  Each  quadrant  is  computed  using  an  "average"  lntorior 
partition  weight  which  is  proportional  to  the  weight  of 
the  partitions  along  the  sides  of  the  shelter  and  the  shelter 
dimensions. 

(2)  Symbol o  Used 

A  ■  Length  of  exterior  wall  on  A  side 

D  ■  Length  of  exterior  wall  on  B  aide 

CA  <■  Shelter  dimensions  (parallel  to  side  A) 

CD  ■  Shelter  dimenaiona  (parallel  to  side  B) 

DA  ■  Distance  to  center  of  shelter  from  A  wall 

DB  ■  Distance  to  center  of  shelter  from  U  wall 

H  ■  Height  of  building  (i.c.,  roof  height) 

BBS  "  Height  at  which  setback  begins 

HD  m  Height  of  detector 

HP  ■Height  of  contaminated- planes 

SA  “  Distance  from  face  of  setback  to  side  A 

SB  ■  Distance  from  face  of  setback  to  side  B 

SC  ■  Distance  from  face  of  setback  to  side  C 

SD  *  Distance  from  face  of  setback  to  side  D 

W  «  Width  of  the  contaminated  plane 
c  r 

X  «  Total  overhead  mass  between  detector  and  contamination 
o 

X1A,  XXB,  XIC,  XID  =»  Interior  partition  weight  parallel  to 

respective  sides  A,  B,  C,  &  D  (Phase  1  Data  only) 
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(3)  Detailed  Calculations 


(a)  Set  up  initial  inputB  (first  quadrant) 
1.  Set  RA  =  RB  =  RC  =  RD  =  0 
Set  DC  =  B  -  DA,  DD  »  A  -  DB 
Find  XII 


XIA»CA  +  XIB*CB 
CA  +  CR 


XI2 

XI3 

X14 


XIB»CB  +  XIC-CA 
CA  +  CB 

XI C  *CA  +  XID«CB 
CA  +  CB 

XIA-CA  +  XID«CB 
CA  +  CB 


(b)  Kind  location  ol  setback  (or  root)  with  respect  to  the 
detector  and  find  the  contribution,  ignoring  interior 

partitions  (one  quadrant). 

JL  If  there  is  not  a  Belbnck,  set  K9  -  KIO  »  Hll  ■  0 
and  go  to  (k)  _1_, 


JL.  Set  X.  -  IIUS(l)  -  11D.  If  X  <0;$et  R9  -  0,  do  step 
(It)  1..  and  go  to  (i) 

3.  If  RA>1)A  or  RH>l)B^set  R1  ■  RZ  »  0  and  go  to  (d)  ,1. 
A,  l.j  -2(DA-RA),  \<{  »  2  (DB-RB)  ,  calculate  (if  W  >  L, 


interchange  W  6  L) . 

3.  If  RC  >I)C,  1)1  -  HC  -  DC;  If  not,  D1  •  0,  (J?  -  0, 
tJ4  "  0,  go  to  (b)  7. 

6.  "  21)1,  C’j  =  2(DB-RR),  calculate 

7.  IT  RD>DI),  D2  =  RD  -  1)1);  if  not,  D2  -  0,  A) 3  -  0, 

U ^  »  O,  go  to  (b)  10,. 

8.  l-3  2  (DA- RA)  ,  U’3  «=  2D2 ,  calculate  uy 

9.  =  2DI,  =  2D2,  ca  1 1  u  1  a  to  . 

io.  Ri  =  co<t»l,xo)  -  co(u2,xo)  -  co(a)3.xo)  +  co(u4>xo). 

Chart  A  of  KM. 
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(c)  Find  location  of  setback  (or  roof)  with  respect  to  the 


Interior  partitions  and  find  the  contribution  Inside  the 
core  area  from  this  setback  (or  roof), 
i,.  If  DA  -  RA  <%  CB,  set  CB  -  2  (DA-RA) 

If  DB  -  RB<fc  CA,  set  CA  -  2  (DB-RB) 

If  D1  >V|  CB,  set  R2-0  and  go  to  (d)  ^ 

U.  If  D2>^  CA,  set  R2»0  and  go  to  (d)  lj. 

Lj  ■  CB,  ■  CA,  calculate  tJj 

-  2D1,  ■  CA,  calculate^ 

-  CB,  W?  -  2D2,  calculate  £J? 

fit  “  "  C0(W5)  -  co(U6>  -  c :o(W7)  +  Co  («4) 

(d)  Find  the  total  dose  from  this  setback  or  roof  area  (R3). 
ij.  Find  (Rl-R2)-BJ(XIl)  +  R2,  b'(XI)  la  Chart  11  of 

Reference  5. 

1*.  R3-  (d) 

(e)  Find  the  total  dose  for  the  second  quadrant. 

1.  Repeat  (b)  through  (d)  1*.  for  quadrant  2  (see 
cyclic  permutation  table  In  section  (n)) 
gj.  R4  -  (R1.-R2)*  (XI2)  +  R2 

(f)  Find  the  total  dose  for  the  third  quadrant. 

1.  Repeat  (b)  ^  through  (d)  1^  for  quadrant  3  (see 
cyclic  permutation  table  In  section  (n)) 

R5  -  (Rl-  R2)'B[(XI3)  +  R2 

(g)  Find  the  total  dose  for  the  fourth  quadrant  and  sum  the 
four  quadrants. 

1,  Repeat  (b)  3^  through  (d)  lj.  for  quadrant  4  (see 
cyclic  permutation  table  In  section  (n)) 

2 ,  Cycle  back  to  1st  quadrant  (see  permutation  table 

in  section  (n)) 

3j_  R6  «  (R1-R2)*B'(XI4)  +  R2 
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4,.  R7  -  R3  +  R4  +  R5  +  R6 

(h)  Find  the  total  dose  at  the  setback  level  for  a  roof 

using  the  dimensions  of  the  building  above  the  setback 
(as  opposed  to  the  initial  building  dimensions), 
i*.  Set  RA  -  SA(1) ,  RB  -  SB(1),  RC  -  SC(1),  RD  -  SD(1) 
Repeat  (b)  ^  through  (g) 

^  R8  -  R3+R4+RJ+R6 

Aj.  R9  ■  (R7-R8)  x  sky  shine  factor  (X0) 

(I)  Compute  the  second  setback  contribution. 

1,  If  there  Is  NOT  a  second  setback,  set  R10«R11»0  and 
go  to  (k>  ^ 

If  [z  -  HBS(2)-Hd]<0,  set  R10-0,  do  (1)  ^  and 
go  to  (j)  h, 

3.  Sot  X  for  the  2nd  setback  level.  Set  Z-HBS(2)-HD 
“  o 

A.  Repeat  (b)  ^  Uiiuugii  (g)  jja, 

i.  Sot  RA-SA(2),  RB-SB(2),  RC-SC(2),  RD-SD(2) 

fi,.  Repeat  (b)  through  (g)  2*. 

2a.  R8  -  R3+R4+RHR6 

8.  RIO  •  (R7-R8)  x  Skyshlno  factor  (Xo) 

(J)  Compute  the  third  setback  contribution. 

1.  If  there  Is  NOT  a  third  setback,  set  R11«0  and  go 
to  <k)  la. 

2j.  If  [z-HBS(3)-HdJ<0,  set  Rll-0,  do  (j)  5^  and 
go  to  (k)  lj. 

3.  Set  X  for  the  3rd  setback  level. 

—  o 

Set  Z=HBS  (3)  -  HD 

A,  Repeat  (b)  3j.  through  (g)  4^. 

Set  RA-SA(3),  RB-SB(3),  RC-SC(3),  RD-SD(3) 

6,  Repeat  (b)  3^.  through  (g)  3^. 
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7.  R8-R3+R4+R5+R6 


Jk  R1 1“(R7-R8)  x  Skyshine  Factor  (XJ 
(k)  Compute  the  true  roof  contribution. 

1 .  Set  Z"H-HD,  Set  XQ  for  mass  between  detector  and  roof. 

2.  Repeat  (b)  through  (g)  4^ 

3 .  R12-R7  x  Skyshine  Factor  (XQ) 

(f)  Compute  the  dose  from  the  adjacent  roofs. 

(Use  test  for  neighboring  roof  on  Page  25  of  Reference  1) 

Set  R13-R14“Rl5"R16-0 

2.  If  there  is  an  adjacent  roof  on  the  A  side 
(a)  Repeat  (a) 

(h)  Set  XI l  “XI 1+XE(A  side)  and  XI4-Xl4+XE(A  side) 

(.c)  Set  Z'diP-HI)  and  if  Z«^0,  set  R13“0  and  go  to  (^)  3^ 
(d)  Repent  (b).^  through  (djZ^  and  (g)l_;_  through  (g)3j_ 
(o)  H  1 7“K3+U(> 

(_f)  Set  RA“-W^(  1st  ,A)-»w)  dt  h  of  first  contaminated 
plane  on  A  Side 

(fi)  Repeal  (f)  (i!) 

(h)  Set  R13«R3+R()-R17 

3 .  If  there  is  nil  adjacent  roof  on  the  1)  side 


(0) 

Repeal  (a) 

(h> 

Set  XI  1“XI  l+XK(ll  side)  and  XI2-XI  2+XK(ll  side) 

(e) 

Set  Z“1IP-!II)  and  If  Z  ^  0,  set  K1A“0  and  go  to 

(4) 

Repeat  (b)  3_j_  through  (c)  2 . 

(£) 

R17-K3+R'. 

(f) 

Set  RB“-W  (  lst,B)=Vfidth  of  first  contaminated 

plane 

on  I!  side 

(£) 

Repeat  (/)  (d) 

(h) 

K  1  i-R.'*+R3-  R1  7 
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4,  If  there  la  an  adjacent  roof  on  the  C  Bide 


(a)  Repeat  (a)  1. 

(b)  Set  XI2"XI 1+XE(C  aide)  and  XI3»XI3+XE(C  Bide) 

(c)  Set  Z“HP-HD  and  if  Z^O,  set  R15"0  and  go  to  (()  5. 

(d)  Repeat  (e)  l_j_,  (e)  (f)  ii.  and  (f)  ^ 

(e)  R17-R4+R5 

(J[)  Set  RC“*Wc( lst,C)  ■  width  of  first  contaminated 
plane  on  C  side 
(fi)  Repea ►  (/)  4^_  (d) 

(h)  R15-R4+R5-R1? 

5.  If  there  is  an  adjacent  roof  on  the  D  aide 
(a)  Repeat  (a)  1. 

(h)  Sot  XI3“XI3+XK(D  aide)  aril  XI4-XI4+XE(D  Bido) 

(r)  Set  Z-HP-HD  and  if  2  <^0,  set  R16-0  and  go  to  (m)  1 . 
(d)  Repeat  (f)Jk,  (0^,  (g)^,  (r)^  and  (g)^ 

(c)  R17mR5+R6 

(£)  Set  RD<,-Wc(lst,D)  -width  of  tirBt  contaminated 
plane  on  D  side 
(fl)  Repeat  (g)  5^  (d) 

(h)  R16-R5+R6-R17 

(m)  Total  Roof  Contribution, 

Add  up  the  total  contributions  from  the  setbacks,  true  roof, 
and  adjacent  roofs. 

U  RUFDOS m\  |R9+R10+R11+R12+R13+R14+R15+R16] 


P-35  - 


(n)  Cyclic  Permutation  Table 


Quadrant 


Function 


(1)  U)  (3)  (4)  (1) 

DA - ►  DC - +-  DA - *» 

DB - l»DD - ►DB 

DC - ►  DA - ►  DC - ► 

DD - DB - l^DD 

RA - *-RC - ►RA - *- 

RB - ►RD - fc-RB 

RC - -*~RA - *-  RC - ► 

RD - *“  RB - >-RD 
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3.  Numerical  Example 


The  following  sample  calculation  la  for  roof  contribution  from  a  build¬ 
ing  with  2  setbacks  on  the  same  story.  For  the  detailed  description 
of  this  building  see  TABS  3  and  4. 

(a)  Set  up  initial  inputs, 

1.  RA-RB-RC-RD-0  X  -60 

— ~  o 

XI1-XI2-XI3-XI4-0 

(b)  Locate  and  calculate  without  partitions. 

2-30*23-7 1 

4,.  L.-2<70)-l40,  V-Zj^-2 (AO)-BO,  ^-,873 

h.  w2-  U4-°-u3 

10.  Rl-Ca(<J1.Xo)-Ca(.B73,60)-£101fi 

(c)  Locate  and  calculate  Inside  partitions. 

X.  L5-70,W5-40 

L.  0 

R2-Co(W5)  -  Cq(.  75,60)-  0.058 

(d)  Find  total  contribution. 

1^  R3-(Rl-R2)  (20)  +  R2  -  0  +  0.058 

2 1  R3-0.058 

(fe),  (f)  and  (g)  Find  contributions  and  from  symmetry, 
R4-R5-R6-R3-0.058 
4j_  R7-0.232 

(h)  Find  total  contributions  from  the  dimensions  of  the  building 
above  setback, 
is.  RA-0,  RB-0,  RC-80,  RD-10 
2j_  Lj-140,  Wj-80,  Wj-0.873 

Dl-10,  D2-0 
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L2-20,  Wj-40.  6Jz-.60 

u3-  (J4«o 

Rl-Co(. 873,60)  -  Co(, 60,60)  -  0.058  -0.051  -  0.007 
L5-  70,  W..-40,  dJs«.75 
L6-2°,  W6-40,06-.57 

Dy'O 

R2-Co(.  75,60)  -  Co(.  51,60)  -0.058  -0.051  -0.007 
R3  -  0.007 

R4  -  R5  -  0  because  SC  >70' 

Given  DA-70,  DB-40,  DC-70,  DD-40,  RA-0  , 

RB-10,  RC-80,  RD-0 
Lj-140,  1^-60,  (Jj-,842 
Dl-10  (  D2-0 
L2-20,  W2-60,<ij2-.62 
02-0,  (J4*0 

Rl-Co(.842,60)  -  CQ(. 62,60)  -  .058  -  .051  -  0.007 
L5  -70,  Wj-40,  6>5-.75 
L6-20,  Wfi-40,  CJ6-.57 

y7-o 

R2-Co(.  7  5,60)-  Cfl(.  57,60)  -Q007 
R6-  0,007 

li.  R8-0. 007+0+0+ 0.007-0. 014 

4^  R9-  (0.232-0.014)  1.07  -  (0.218)  1.07  -  0,234 
(1)  Compute  second  setback. 

1 .  No  more  setbacks;  there  for  e  ,R10*R1 1-0 
(k)  Compute  roof  contribution. 

1.  Z  -  50-23-27  X  -180 
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2j_  t.^140,  VJ^*>60,  (J^=. 48  Co(.48,180)-0.0029 

L2-20,  W2-60,W2=.17  Co(.17,180)-0.0016 

R1=0.Q029  -  0.0016  -  0.0013 
Lj-70,  U'5=4 0  (*)5°.33 

L6-20,  U6»4iO  tJ6-.  14 

£J?“0 

R2»Co(.33,180)  -  Co(. 14,180)  -  0.0024  -  0.0016  -  0.0008 

8 3" (0.0013  -  0.0008)  (.48)  +  O.OOOB  -  0.00104 

R4  usee  the  vnluost 

1^-140,  W^«80,(J  ».  59,  Co-0,0030  and 

K1«0. 0030  -  0.0016  o  0.0014 

K4" (0.0014  -  0.0008)  (.48)  +  0.0008  -  0.00109 
R5-R6-0 

R7-0. 00104  +  0.00109  +  0  +  0  -  0.00213 
R12  -  (0,00213)  1,00  -  0.00213 

(l)  Compute  dose  from  adjacent  roof. 

K13-K14-K15-K16-0 

(m)  Find  the  total  roof  contribution. 

I*.  RUFDOS-i  ^0. 234  +  0  +  0  +  0.00213  +  0  +  0  +  0  +  oj 
-i  [o.  23613]  -  0,  0590 
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C.  Ground  Contribution  -  Stories  Above  Grade 


1.  Present  Method 

The  present  method  of  computing  ground  contribution  for  stories  above 
grade  Is  essentially  the  AE  Guide  method  except  chat  no  correction  Is  made 
for  aperture  sill  height.  Apertures  are  treated  by  multiplying  a  Table  3 
(Reference  1)  value  at  X  “0  by  the  percentage  of  apertures  (therefore,  apertures 
are  considered  to  extend  from  floor  to  celling).  Table  3  includes  a  contri¬ 
bution  from  direct  radiation  which  should  be  considerably  reduced  when  It 
pcnctratos  the  solid  wall  below  the  sill  level  of  an  aperture.  Contribution 
from  finite  planes  of  contamination  is  reduced  by  multiplying  it  by  a  Table 
6  (Reference  1)  value. 

Inputs  rcqulrod  in  the  present  procedure  are  mass  thicknesses  of  the 
partitions,  oxtorior  walls,  and  floors;  width  and  length  of  the  building: 
height  of  building,  first  story  and  upper  stories;  and  the  fraction  of 
aporturoa  on  oach  floor. 

2.  Rocommondod  Method 
a.  Procedure 

(1)  Major  sources  of  difficulty  in  developing  procedures  for 
calculation  of  contribution  to  stories  above  grade  are  as  follows: 

(a)  For  detectors  below  sill  level  one  must  treat  separately 
the  directional  responses  below  and  above  the  detector. 

(b)  Buildings  of  interest  to  the  OCD  shelter  program  usually 
are  found  In  metropolitan  areas  and  typically  would  be  sur¬ 
rounded  by  limited  planes  of  contamination.  For  many,  if  not 
most  of  the  potentially  valuable  above-grade  shelter  areas, 
the  mutual  shielding  situation  is  such  that  very  little,  if 
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atty  direct  radiation  is  received  through  the  adjacent  wall. 

Much  more  direct  radiation  is  expected  from  the  story  below, 
but  frequently  direct  radiation  will  be  absent  there  also.  On 
the  other  hand,  there  will  almost  always  be  some  wall  scattered 
radiation.  Again,  separation  of  the  direct  from  the  scattered 
components  is  indicated  to  he  desirable. 

(c)  Because  of  the  importance  of  direct  radiation  in  many 
cases  and  the  apparent  need  to  separate  It  from  the  scattered 
and  sky shine  components,  it  appears  important  to  correct  this 
for  height  as  is  done  in  EM  Chart  6. 

(2)  In  order  to  properly  correct  for  the  difficulties  outlined 
above,  it  1b  recommended  that  the  Engineering  Manual  method  bo  used 
in  computing  ground  contribution  to  above-ground  areas.  Prcsont 
Input  data  plus  the  aperture  sill  height  duta  from  Phase  2  arc 
adequate  for  tills  procedure  if  the  nportures  are  assumed  to 
extend  from  sill  level  to  the  ceiling.  In  addition  to  improving 
the  aperture  contribution  calculation,  the  EM  method  will  allow 
for  more  adequate  handling  of  varinblc  story  heights  and  will 

take  Into  account  rectangular  building  shapes.  Finite  planes 
of  contamination  will  he  handled  in  the  usual  EM  method  by 
differencing  directional  responses.  TAB  8  indicates  the  decrease 
in  reduction  factcr  by  using  the  EM  method. 

(3)  A  "chart  procedure"  using  EM  data  but  using  principles  of 
the  AE  Guide  was  considered.  This  procedure  yields  results  more 
accurate  than  the  present  computer  program  but  considerably  less 
accurate  than  the  EM  results.  Approximately  the  same  amount  of 
data  and  charts  arc  required;  therefore,  the  KM  method  was  felt 
to  be  most  desirable. 


P-  41  - 


b.  Chart  Changes 


For  the  calculation  of  ground  contribution  to  areas  above  grade.  Table  1  will 

remain  in  the  program  and  Tables  3,  3,  6,  and  8  are  not  needed.  The  EXTRAP 

procedure  which  accounts  for  contribution  from  sources  beyond  the  reported 

contaminated  planes  is  also  not  needed.  This  will  be  treated  by  considering 

that  the  third  reported  plane  extends  to  infinity  when  the  detector  is  above 

all  reported  planes  of  contamination.  New  tables  are  required  to  represent 

data  in  Engineering  Manual  Chart  1.  Case  1,  for  the  barrier  factor  of  the 

floor  below  the  detector;  Chart  5  for  G  and  G  directional  responses;  Chart  6 

s  a 

for  G^j  directional  response;  Chart.  7  for  scatter  factor;  Chart  8  for  shape  factor 
and  Chart  9  for  wall-scatter  harrier  factor, 
c.  Functional  Equations 

The  basic  equations,  using  symbols  contained  in  Table  5  of  Rofuronco  3, 
for  each  of  the  four  sides  arc! 

Case  1,  Detector  is  below  aperture  sill  level  in  adjacent  wall 

°g  "  P  [W>  l>  °0  +  (X-Au>  <C6  +*C1>J 

+  \C7  +  (1-V  C7  +£  C(UV 

+  C"  +  C3]  +  Bo(Xf)5;[A1C'  +  (1-A^)  (C5  +  C4)]] 

Case  2.  Detector  is  above  aperture  sill  level  in  adjacent  wall 

c;  *p  Dw  Cauc*  +  (l-v  (c6  +  s;Cl)] 

+  Ap  (  X  C’  +  C')  +  U-Ap>  C2(C^  +  c"  +  C3)  +  C63 

+  Bo  (X£)  1  [AjC'  +  (1.Ai)  (c5  +  c^)]] 

where  the  summations  are  taken  over  the  contributing  contaminated  planes, 
and 
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-  wall  scatter  from  story  above  « 

[,».<vg,>-\.<v'-i;>]  [  w-w]  w  e  «> 

Cj  "  wall  scatter  from  detector  story  ** 

[Bwa<Xe’H>>  '  B„s(Xe>^>]  [Gs^u>  *  <W]  W  E(J>  W3^ 
Clj  “  wall  scatter  from  detector  story  below  detector  level  ■ 

[bw8(xc.£Jb)  ’  aws<V<j;>]  Gs^l>  W  E  <J>  Vxf«- 

Cj  ■  direct  through  detector  story  wall  ■ 

Bw(Xe'H)  [Gd(i)l'H)  -  cd«i;.lO  ]  [l-VXe>]  W3^ 

“  direct  through  apertures  In  dcLcctor  story  wall  • 

Bw(0,U)  [Gj^.H)  -Gd«J’.ll)]  Bw(X1,3'). 

C{  "  wall  scatter  from  etory  below  ■ 

[Bw.<V<V  -  Dwa<Xo^P][GB%'>  ‘  Gs^l>]  Sw(Xe>  E  <J> 

Bw<V3‘>- 

C,.  ■  direct  through  wall  of  story  below  » 

W'M)  VXi-3,)  [GdWl’11)  -  «(1<4>1.M>][1-Sw(xe>]  . 

Cj  •  direct  Lhrougli  apertures  in  wall  of  story  below  " 

Bu(0.n")  Hw(Xt,3')  [cd^,ll)  -  GjttJpH)]  . 

C6  m  skysblne  tbrougb  wall  of  story  above  ■ 

vv"")[Ga(u;;>  -  w][i-vxc>]  w*33- 

-  skysblne  through  apertures  in  story  above  * 

v0'u,,)  -  c'aH>]  w3’3- 

C?  «  skysblne  through  wall  of  detector  story  “ 

Bw(Xo'"'>  [Ga(«u>  -  W]  [  l-Sw(Xc>]  VXf3'^ 

•  skysblne  through  apertures  in  wall  of  detector  story  “ 

B„<°-"’>  [CaH,>  *  «>]  nw(Xi'3’>- 
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Ay  “  area  fraction  of  apertures  In  wall  of  story  above. 

A  "  area  fraction  of  apertures  In  adjacent  story  wall, 
h  A 

A  “  ^  "3  “  area  fraction  of  aperturea  above  detector 

a 

on  adjacent  story. 

A^  ■  area  fraction  of  apertures  In  wall  of  story  below. 

d .  Calculations 
( 1)  Comments 

(a)  Areawaya  reported  In  Phase  2  arc  Ignored  for  contri¬ 
bution  to  above  ground  areas.  Pianos  of  contamination  are 
used  as  reported  In  Phase  1. 

(b)  Mutual  shielding  of  skyslilno  Is  taken  into  account 

on  both  the  adjacent  story  and  the  story  above.  The  value 
of  II  used  in  the  height  corrected  wall  barrier  factor  1b  a 
walghted  averago  height  of  those  planes  which  proceed  the 
first  shielding  plane  (if  any).  The  average  is  weighted 
by  piano  width. 

(c)  When  the  detector  Is  above  all  planes  of  contamination 
on  a  side,  the  third  plane  Is  considered  to  extend  to 
Infinity  to  account  for  contribution  from  sources  beyond 
the  lost  reported  plane. 

(d)  A  direct  radiation  component  for  each  plane  Is  calculated 
for  only  that  portion  of  the  plane  actually  seen  at  the 
detector  position  through  the  relevant  wall.  This  applies 

to  both  the  adjacent  story  and  the  story  below.  The  height 
corrected  directional  response  functions  arc  used. 

(e)  Wall  scattered  radiation  components  are  calculated  from 
each  of  the  three  stories;  detector,  above  and  below.  When 
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a  contaminated  plane  is  detached  from  the  exterior  '..’all,  the 
calculation  is  done  as  indicated  in  Figure  P-la. 

When  a  contaminated  plane  is  partially  shielded  from 
the  exterior  wall  by  a  preceding  plane,  the  calculation  is 
done  as  indicated  in  Figure  P-lb. 

When  a  contaminated  plane  is  partially  shielded  from  the 
exterior  wall  so  that  the  midpoint  of  the  wall  does  not  see 
the  pl-.nc,  the  calculation  is  done  as  indicated  in  Figure  P-lc. 

Whereas  these  illustrations  are  for  the  detector  story 
only,  analagous  procedures  are  used  for  the  other  stories. 

(f)  When  there  is  a  contribution  from  the  last  plane  on 

the  FOSUIC  form.  .£)„>  Is  rep  laced  with  »  (X.,10 

(see  the  equations  In  Figure  P-1), 

(g)  If  the  detector  is  below  sill  height,  (.he  aperture  is 
assumed  to  extend  from  the  detector  height  (31)  to  the 
cel  ling. 

(Ii)  If  the  detector  is  above  sill  height,  the  aperture  is 
assumed  to  extend  from  floor  to  celling. 

(I)  The  percentage  of  apertures  is  used  for  apertures  in 
the  walls  of  the  stories  above  and  below. 

(J)  Detector  location  is  in  the  center  of  each  story 
since  rhase  2  daiaarcnoL  available  for  all  stories. 

(k)  The  effective  mass  thicknesses. X  and  X.,  are 
understood  to  ho  those  of  the  walls  on  the  story  (above, 
detector,  or  below)  for  which  a  particular  calculation  is 
being  done. 
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(2)  SvmbolB  Used 

A  ■  are*  fraction  of  apertures  in  a  story  wall 

d  =  horizontal  distance  from  the  detector  to  the  exterior  wall  at  the 

detector  story  level,  i.e.,  d  -  %  Lt 
-  horizontal  distance  from  the  exterior  wall  at  the  detector  story 
level  to  the  inner  edge  of  a  contaminated  plane.  For  the  1th  plane, 

including  k  setback  roofs  below  the  detector, 

1-1 

D^  [  pl*nc  width  from  FOSDIC  20  ]  , 

where aJtfor  the  k1*1  setback  qb  ordored  on  the  FOSDIC  form 
Dg  ■  horizontal  distance  from  the  exterior  wall  at  the  detector  story  level 

to  the  outer  edge  of  a  contaminated  plane,  For  the  ifc^  plane,  including 
k  Setback  roofs  below  the  detector  story 


plane  width  from  FOSDIC  20  ]  j  , 

whcroC^  -OCfor  the  ktl1  setback  as  ordered  on  tho  FOSDIC  form 
h#  ■  height  of  detector  story 

hy  ■  height  of  story  above 

h^  ■  height  of  story  below 

H  -  height  of  detector  above  a  contaminated  plane 

H  ■  3  +]T^story  heights  from  FOSDIC  18 j  -  £  contaminated  plane  height 
from  FOSDIC  20 j 


H 


a 


J 

L 

P 


»  height  of  a  setback  above  the  first  contaminated  plane 

Hb  -  [ FOSDIC  19c ,  1 9 J ,  or  19o  j  -  [fOSDIC  20a,  20b,  20c,  or  20dj 
»  lf£«l.  Otherwise  J  ■  U£ 

-  building  length  parallel  to  the  exterior  wall  at  the  detector  story 
level 

«  building  length  perpendicular  to  the  exterior  wall  at  the  detector 
story  level 


-  P-47  - 


a 

e 


u 


perimeter  ratio  (length  of  wall/total  perimeter  of  building) 

■  effective  mass  thickness  of  the  exterior  wall 

■  effective  mass  thickness  of  the  floor 

■  effective  mass  thickness  of  interior  partition 

■  effective  mass  thickness  of  the  ceiling 

■  horizontal  distance  from  the  plane  of  the  exterior  wall  at  grade 

level  to  the  building  face  above  a  setback 

m  r  /l 
p'  t 

*•  solid  angle  fraction.  XfQ  is  the  solid  angle  in  units  of  steradlans, 

thonL/BQ/27r 

U  V)  *  tan 


At 


(For  the  location  of  this  data  on  the  Phase  1  and  2  Data  Coil act ion  Forms, 
sea  TA1I  2.) 
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(3)  Detailed  Calculations 


(a)  Establishment  of  Contaminated  Planes  and  Adjustment  of  Building  Dimensions 
When  There  Are  Setbacks  Belov  the  Detector 

For  a  specific  detector  location,  the  following  calculations  are  to  be 
done  for  «11  four  walls  before  the  ground  contribution  calculations  are 
begun. 

A.  Determine  if  there  arc  any  setbacks  on  this  side.  One  of  the 
following  situations  will  apply. 

1.  There  are  none  and  all  sides  havo  not  been  tested. 

Set  IRF  »  0  and  proceed  to  tost  the  next  side. 

2.  There  are  none  and  all  sides  have  been  tested. 

Set  IRF  ■  0  and  proceed  to  tho  ground  contribution  calculations 
for  the  first  side. 

3.  At  least  one  setback  is  found  on  this  side.  Procood  to  step  B 
below, 

B.  let  (Hg)i  be  the  height  above  the  first  contaminated  plane 

th 

(Item  20,  FOSDIC  form)  of  the  1  setback  on  this  side.  Let  H 
be  the  detector  height  above  the  first  contaminated  plane  on  this 
side. 

1.  For  each  (H  determine  if 

<Hs)t«.H  a) 

2.  If  a)  is  true  for  at  least  one  setback,  proceed  to  step  C. 

3.  If  a)  is  false  for  all  setbacks,  proceed  to  step  E. 

C.  Perform  steps  1  and  2  below: 

1,  Order  tho  setbacks  for  which  a)  Is  true  in  order  of  decreasing 
magnitude  of  Hg.  The  setback  with  largest  Hg  becomes  the  first 
contaminated  plane.  The  setback  witli  second  largest  Hg  becomes 
the  second  contaminated  plane,  etc.  The  contaminated  planes 
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given  in  Item  20  of  the  FOSDIC  form  are  given  successive 
numbers  following  those  assigned  to  the  setbacks. 

Hie  total  possible  number  of  contaminated  planes  1b  six. 

2,  Hie  D^  and  values  for  the  setback  contaminated  planes  are 
determined  from  the  information  in  Item  19,  FOSDIC  form. 

3.  Proceed  to  step  D^ 

LctCJbc  the  distance  from  the  plane  of  the  exterior  wall  at  grade  to 
the  face  of  the  building  above  the  highest  ordered  setback  from  the 
set  of  setbacks  ordered  in  stop  Cj_  1^  above.  Let  bo  the  dimension 
of  the  building  porpondlcular  to  this  side  nt  grade  level.  Lot  Lt 
l>o  the  dimension  of  the  building  perpendicular  to  this  side  nt  tills 
story  level  which  has  been  corrected  for  setbacks.  Perform  the 
following  stops; 

Lt  “  Lt"CX 

2.  Replace  with  lt  Cor  use  in  subsequent  calculations  nt  this 
story  level. 

3t  Proceed  to  step  Kj. 

If  n)  wns  found  to  be  Cnlse  in  Btep  B  for  any  setback,  proceed  to  do 
soquuntinlly  steps  J_,  2,  nnd  3  below  Otherwise,  net  IRF=0  nnd  proceed 
to  step  F. 

1^  Determine  it 

<"8>lv  "  +  \  •  3  b> 

for  each  setback  for  which  a)  is  false. 

2 ,  If  b)  Is  true  for  any  setbnek,  do  not  calculate  the  ground 
contribution  from  the  story  above  for  this  side,  l.c. ,  set 
1RF-L. 

Otherwise  set  IRF“0. 

3 ,  Proceed  tc  stop  K. 

If  al L  four  sides  have  been  considered,  proceed  te  step  G.  If  not, 

proceed  to  consideration  of  the  next  side  and  transfer  back  to  step 
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A  above. 


G.  Determine  d  for  each  side  from  the  equation: 
d  -  >i  L 


Proceed  to  ground  contribution  calculations. 


(b)  Ground  Contribution  Calculations. 


Steps  A  through  J  are  repeated  for  each  side  of  the  building  for 
each  detector  position. 

A.  Define: 


Tan  Rj  ■  d/3 
Tan  R2  ■  d/0^+3) 

Proceed  to  next  step. 

Steps  £  through  are  repeated  for  each  contaminated  plane 
or  until  t'nc  loop  is  broken  by  a  transfer  to  step  ji, 

R,  Define: 

Tan  •  (D^+d)/ll 

Tan  S2  -  (D2+d)/H 

Tan  -  D^H  +  ^  h#  -3) 

Tan  T2  -  D2/(H  +  V  h#  -3) 

Tan  Uj  -  Dj/(H  ■  h  hj-3) 

Tan  U2  -  D2/(H  ■  hj-3) 

Tan  Vx  -D^OJ  +  h,  4  %  hu 
Tan  V,  -  D  /  (H  +  h  +  %  h  -3) 

L  L  aU 

Tan  W.  -  D./(H  +  h  -3) 

11  a 

Tan  W,  «  D,/(H  +  h  •  3) 

Ll  a 

Tan  Xl  =  D^Cll-3) 
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'fan  Xj  =  D2/(H-3) 


Tan  Yj  =  Dt/(H  +  hg  +  ht.  -  3) 

Tan  Y2  -  D2/(H  +  hfl  +  hu  -3) 

Proceed  to  next  step. 

Determine  wall-scattered  component  from  story  above,  C^. 

1.  If  this  Is  the  top  story  or  IRF»1,  set  C^=0  and  transfer 

to  step  D.  Otherwise  proceed  to  the  next  step, 

2.  If  H+h  +h  -3  0  set 

—  a  u 

Cl“C2"C2"C3-C3“VS“C5-0  and  transfer  to  step  2L. 

Otherwise  proceed  to  the  next  step. 

3.  If  H+h  -3-0  set 

a 

C^Cl'-C  -Ci-C ,»Cr<!>0  and  proceed  to  the  next  step. 

i  i  &  1  *  j  j 

Otherwise  transfer  to  step  8  below. 

A,  If  IRhg+^h^-3  •  0  proceed  to  next  step. 

Otherwise  transfer  to  stop  b  below, 

5.  Calculate: 

U'BmhU  (Lp+2Dl)/2Dl,(TanY1)'1 
orljj^O  if  Tan  Y’.“0. 

U8m’sL^Y2D2)/2D2'(Tan  Y2}  1 

orC^*^  1C  this  is  the  last  plane  from  Item  20,  FOSDIC  form. 
Transfer  to  step  ]_  below. 

6 ,  Calculate: 

U'-kU  (L  +2D  )/2D  (Tan  V  )_1 

8  p  l  1  1 
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or  U*m 0  If  Tan  V  -0. 

s  l 

L/b-%(J  (Lp+2D2)/2D2,(Tfln  V^*1 

or  if  this  is  the  last  plane  from  Item  20,  FOSDIC  form. 

Proceed  to  next  step. 

7,  Define! 

Uu-Ut€,  -H/d) 

Vhu*3)/d] 

c.-  B  (X  ,U)-a  (X  ,U')  C  (U")-G  (U  )  S  (X  )E(J)B  (X.,3), 
1  ws  e*Tr  wa  c*  s  s'  u  b  u  w  e  '  w'  i* 

or 


If  ^,arc  H”  ■  H  -  h#  +  ?  1>U  -  3  ov  H"  *  3  whichever  i8 

nlgcbrnlcnlly  lnrgor. 

Tfnn«fnr  to  Step 


8.  If  Tan  V2  for  any  preceding  plane  1b  greater  than  or  equal 

to  Tan  Vj  for  this  plane,  proceed  to  the  next  step.  Otherwise 
transfer  to  step  1_|,  below. 

9.  If  Tan  Y2  f°r  an>’  preceding  plane  is  greater  than  or  equal 

to  Tan  Y2  for  this  plane,  set  and  transfer  to  step  D. 

Otherwise  proceed  to  next  step. 

10,  Define: 

Tan  Yj-Ten  Y^,  Dj-Dj,  and  H'*»H  for  the  preceding  plane 

for  which  Tan  \'2  is  greater  than  or  equal  to  Tan  V2  for 

this  plane. 

Calculate ; 

R«(H+h  +h  -3) Tan  Yi 
a  u  2 
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T«H+h  +h  -3 
a  u 

L,8“%L/[(V2R>/2R,T/R] 

U8-VU[(Lp+2D2)/2D2,T/D2j 

or  U  If  thia  ia  the  last  plane  from  Item  20,  FOSDIC  form. 

8 

Uu-  LK€Si d). 

Transfer  to  step  14  below, 

11,  If  Tan  V2  for  any  preceding  plane  Is  greater  than  Tan 

for  this  piano,  proceed  to  the  next  step.  Otherwise  transfer 
to  step  13  below, 

12,  Define: 

Tan  V^-'l'an  Vj,  D^»i>2  an<i  11  tor  t,H-'  preceding  plane  for  which 

Tan  V2  la  greater  than  Tan  Vj  for  this  planu. 

On leu late: 

K-(H+hB+Viu-3)Tan  V’ 

S-  |  J-Dj-ll  or  S-h^-3  whichever  1b  larger. 

T-lt+h  +yt  -3 

a  u 

U;-^L/j(Lp+2H)/2R,T7H] 
us- ^  U;[(Lp+2 na )  / 2 «2 ,  T/ D2  ] 
or 

If  this  is  the  last  plane  from  Item  20,  FOSDIC  form. 

,s/d) 

Transfer  to  step  .14,  below. 

13 .  Calculate: 

L,,;-!S(J<hp+2Dl)/2li1.(Tan  V^’*! 
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or(J^-0  if  D^O. 

Ufl-^L/|(Lp+2D2),  <T»n  V^’1 

or  LJBmh  if  this  is  the  last  plane  from  Item  20,  FOSDIC  form, 

uu-u[<r.<v3)/d] . 


Proceed  to  next  step. 
14.  Calculate: 


T-h  +h  -3 

a  u 


»T/d> 


WB 


<Xo^>*B«.(Xe^;>][c.^)*G.(Uu) 


Sw(Xe)E(J)X 


B  (X. .31 

w  '  1'  ' 


or 


C,-B  (X  (X  .rj') 

1  w'  o’  '  wa'  o,uyB' 


G  <L/")-C  (L/ )  S  (V  (y.,,3) 

s^"u  a  U7  w  c'  '  w'  i’  ’ 
>  • 


ifU8-V,  Where  H"-H*h#+*hu-3  or  H"-3  whichover  ia 

algebraically  larger. 

Proceed  to  step 

D,  Determine  wall-scattered  components  through  detector  story  wall, 


cj  and  C^’. 

1,  If  H-3  m  0  proceed  to  the  next  step. 

Otherwise  transfer  to  step  5_  below. 

2 .  If  H+fch^-3  s  0  proceed  to  the  next  step. 

Otherwise,  transfer  to  step  £  below. 

}j_  If  H  for  any  preceding  plane  is  algebraically  smaller  than  H 
for  this  plane,  set  and  proceed  to  the 


next  plane  (Step  B) .  Otherwise  proceed  to  the  next  step. 
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4.  Calculate: 

(L^+2D1)/2D1>  (Tan  W^'1  or  -  0  if  ^  -  0. 

UfHLJ  ap+2D2)/2D2,(Tan 
or  LJamh  if  thla  is  the  last  plane  from  Item  20,  F0SD1C  form. 
u;-LA€VH/d). 

Ut-1. 

Transfer  to  step  1.3  below. 

j.  If  Tan  for  any  preceding  plane  la  negative  or  la  larger  than 
or  equal  to  Tan  for  this  plane,  proceed  to  the  next  step, 
Otherwise  transfer  to  step  &  below. 

6,  If  Ton  W,  for  any  preceding  plane  Is  larger  than  or  equal  to 

* 

Tan  Wj  for  thla  piano,  set  C’-C^'-Cj-C^-O  and  transfer  to  atop 

F.  Otherwise  proceed  to  the  next  atop. 

7.  Define: 

Tan  W^-Tan  W^.D^-Dj  &  H'-H  for  the  preceding  plane  for  which 
Tan  Tj  la  larger  than  or  equal  to  Tan  Tj  for  thla  plane. 
Calculate: 


T=H+h  -3 

a 


L/;-%Cj[<L+2R)/2R,T/R] 

U7s-^Cj[(Lp+2D2)/2D2,T/D2] 

orL7s"V  if  this  is  the  last  plane  from  Item  20,  FOSDIC  form. 

Ui'Mf,  s/d) 
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L/j-i. 

Transfer  to  step  ,13  below. 


8,  If  Tan  1'2  for  any  preceding  plane  Is  larger  than  Tan  T^ 


for  this  plane,  proceed  to  the  next  step.  Otherwise 
transfer  to  step  ^1  below, 

9.  Define; 

Tan  T2BTan  Tj,  D^D^,  and  H'-ll  for  the  preceding  plane  for 

which  Tan  T2  Is  larger  than  Tan  for  this  plane. 
Calculate : 


R"  <IH-%1»  -3)Tan  Ti 

A  c 


T«U+ltf»a*3 

^-V|U[(Lp+2R)/2R,T/u] 

Us-^[(Lp+2D2)/2D2,T/U2] 

or(^“l[  if  this  Is  the  last  plane  from  Item  20,  V0SD1C  form. 
Proceed  to  next  Step. 

10.  If  S  s;  -3  thonC^-1  andLy/jX^Cf, 3/d), 

If  0  ^  S  s-  -3  then 


(jJ’xl  and 
u 

£  ,  -  S/d  ) . 

If  S=0  thcn^^xL/^l. 

If  S  N  0  then 
L,'^=(a/(  f  ,S/d)  and 
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Transfer  to  step  li  below. 

11.  Calculate: 

U'a-h  (i  +2D1)/2D1,  (Tan  Tj)'1 

or(J'-0  If  Tan  T.-O. 

8  1 

UfhU  (Lp+2D2)/2D2,(Tan  T^'1  , 
or(jJs"l[  If  this  is  the  last  plane  from  Item  20,  FOSD1C  form. 

Proceed  to  next  step, 

12.  If  H  -  0  then 

uri. 

If  ll“0  then 

L^-Ui-i. 

If  0  ««  it  ««  3  kill'll 

Uj-Uf  ,11/d). 

If  li  s>  3  then 

U'- 1 

u 

UfUce  .3/<*)- 

Proceed  to  the  next  step. 

13.  Calculate: 

^Mv3)/dl  • 

[G3<‘*/u>-GS^u>]  swCXe)H(J)Bw(Xi.3>. 

C"-[b  (X  ,U)- B  (x  C  ( U ')  S  (X  )E(J)B  (X  ,  3) 

2  vs  e’  s  ws  e  s  s  1  w  e  w'  i’ 

or  ifL,^=V  replace  Bu9(xG>^)  above  with  B^CX^.H)  or  with 

B  (X  ,3)  if  H  <  3. 
w  c 
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and  calculate  as  Indicated.  Proceed  to  step  J^ 

Determine  direct  (unscattered)  radiation  through  detector  story 
wall,  Cj. 

1.  If  Tan  S,j  e  0  for  any  preceding  plane,  set 

and  tranafer  to  step  F^  Otherwise  proceed  to  next  step. 

2.  If  Tan  Kj  s*  Tan  S2  set  Cj=Cj=0  and  transfer  to  step  F, 

Otherwise  proceed  to  next  step. 

3.  If  Tnn  S2  for  any  preceding  plane  is  greater  than  Tnn  Sj 

for  this  plane,  sot  Cj»C^«0  and  tranafer  to  step  1^, 
Otherwise  proceed  to  the  next  step. 

4.  If  Tan  Sj  lor  any  preceding  plane  is  greater  than  Tan  3^ 

for  this  plane,  replace  Tan  Sj  of  tills  plane  with  Tan 
oi  the  preceding  plane  and  proceed  to  the  next  step. 
Otherwise  proceed  directly  to  the  next  step. 

.S,  If  Tan  Rj  Tan  Sj,  set  7]“  Clan  Hj) 

_  - 1 

If  Ten  R^  ^  Tan  S^,  set  7f  ■  (Tan  S^) 


Proceed  to  the  next  step. 
6.  Calculate: 


S2) 


-1 


or(j.y^«l  ff  this  Is  the  last  plane  from  Item  20,  F0SD1C  form. 


i^l’Ucr 


WVH) 


1-S  (X  ) 
w  c 


Bw<V3) 


td(Li’")'cd(^i*l0j 

If  the  detector  Is  above  window  sill  level _ ca lculate : 

-Gd(L'i.H)j  Bw(Xlf3) 

J 

Proceed  to  step  1~. 


c3*=Bv.(°,n) 
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F.  Determine  the  wall-scattered  component  from  the  atory  below,  C^. 

1.  If  H-3<  0  for  this  plane  set  and  proceed  to  the  next 

plane  (step  Jl^).  Otherwise  proceed  to  the  next  atep. 

2.  If  H-3<  0  for  any  preceding  plane,  except  for  the  first  plane, 
set  C^"Cj"Cj«0  and  proceed  to  the  next  plane  (step  B^).  Other¬ 
wise  proceed  to  the  next  atep. 

3.  If  ll-3  >0  for  the  first  plane,  proceed  to  the  next  step.  If 
Il-3<0  for  the  first  plane,  make  the  following  re-deflnltions 
to  be  used  in  steps  F  and  0  only: 

a.  d  ■  d  ,  ,  •!  D„  where  D0  is  for  llie  first  contaminated  plane. 

new  old  2  2 

b.  Re-number  tho  contaminated  planes  after  delotlng  the  first. 

c.  Re-calculate  and  D,  values  for  the  planes. 

d.  Re-evaluate  €  and  tho  quantities  dofined  in  steps  A  and  B. 
Proceed  to  the  next  atep. 

4.  If  II  -  Mi.  -  3  CO  nrnr-BBd  to  tV.«  .mat  atop.  Otherwise  transfer 
—  •  *  — 

to  step  2  holow. 

5.  If  II  foi  any  preceding  plane  is  smaller  than  H  for  this  plane, 
set  C^«0  and  transfer  to  step  G.  Otherwise  proceed  to  the  next 
atep. 

6.  Calculate: 

CJg  -  [<L  +20^/20^(100 

or  (a)'  ■  0  if  Tan  X.  ■  0. 

8  1 

COg  -  J5CU  jjLp+2D2)/2D2,(Tan  X2>'lJ 

or  CO  "  h  if  this  is  the  last  plane  from  Item  20,  FOSDIC  form, 
s 

U)'{  -  CJ(  6  ,H/d ) . 

Transfer  to  step  K,  below. 
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7,  If  Tan  U2  for  a  preceding  plane  la  negative  or  larger 
than  or  equal  to  Tan  U2  for  this  plane,  proceed  to  the 
next  atep.  Otherwise  transfer  to  step  ,10  below. 

8,  If  Tan  X2  for  any  preceding  plane  la  larger  than  or  equal  to 
Tan  X2  for  this  plane,  set  C^-0  and  transfer  to  atep  G. 
Otherwise  proceed  to  the  next  atep. 

2j.  Defines 

Tan  Xj  -  Tan  Xj,  D£-D2,  flnd  H2  "  H2 

for  the  preceding  plane  for  which  Tan  X2  la  larger  than 
or  equal  to  Tan  X2  for  thla  plane. 

Calculate: 

R  =  (H-3)Tan 


T  -  H  -  3 

Uj,  *  %U|(I*  +2R)/2R,T/rJ 
U.  ■  *U[<L+2D2)/2D2,  */D2] 

or ■  %  If  this  la  the  last  plane  from  Item  20,  F0SD1C  form. 
U'i  mU(  C,S/d). 

Transfer  to  atep  14  below, 

10.  If  Tan  U2  for  a  preceding  plane  is  greater  than  Tan  for 
thla  plane,  proceed  to  the  next  atep.  Otherwise  transfer  to 
step  1J2  below. 

11 .  Define: 

Tan  Uj  “  Tan  U2>  D2  »  D2 ,  and  H'  -  H 

for  the  preceding  plane  for  which  Tan  1’2  Is  larger 
than  Tan  for  this  plane. 
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Calculate; 


R  -  (H  -  Khj  -3)Tan  . 

S  -  H  - 1  "|  •  Dj  or  S  ■  +  3  whichever  la  amaller, 

T  -  H  -  %  hj  -  3  . 

Us  "  ^[(Lp+2R)/2R,T/R]  # 

U,  *  ^[ap+2D2)/2D2,T/Dj 

orCj^  -  %  If  this  la  the  laat  plane  from  Item  20,  FOSDIC  form. 

U'i  -L^.s/d] 


Tranafor  to  step  14  below. 

12.  Calculate: 

U's  "  ifCuJ(Lp-t-2D1)/2Dl,  (Tan  Uj)'1 
or U's  ■  0  If  Tan  Dj  "  0. 


U  - 


(L  +202)/2D2,(Tan  Uj) 


-1 


or  U^  -  V  If  thla  la  the  laat  plane  from  Item  20,  FOSDIC  form. 

Frocced  to  the  next  atop. 

13.  If  H  »  hl  •  3  <  0 
-L/(f,H/d) 

If  H-hr  -  3  »  0 


U'i  -<4f'(hl+3)/d 


Proceed  to  the  next  atep. 

14,  Calculate: 

-L/(f,3/ d). 

B  (X  ,U)  -  B  .(X  ,U') 
ws  wa  e*w8 

E(J)  Bw(X!.3) 


G8<up  -  C e(Ux) 


S  (X  )x 
v  e 
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or 

C4  “[Bw<VH">  '  ’  Gs<H>]  Sw(Xe)E(J)Bw(X1,3) 

ifL/a"%,  where  H"  »  H  -  h^  -  3  or  H"  **  3  whichever  Is 

algebraically  larger.  Proceed  to  step  £■ 

Determine  the  direct  (unacattered)  component  from  the  atory 
below,  Cj. 

1 .  If  £  and  the  quantities  defined  In  steps  A  and  B  above  have  been 
rc-evaluated  In  step  Fj_  2  above,  uae  the  re-evaluated  values 
in  the  following. 

2*.  If  Tan  S2  «  Tan  Rj 

or  Tan  **  Ten  R^ 

set  ■  0  one!  proceed  to  the  next  plane  (step  B) , 

Otherwise  proceed  to  the  next  step. 

3,  If  Tan  S2  —  Tan  K2  for  any  preceding  plane,  replace  Tan  Sj 

for  this  plane  with  the  largest  Tan  S2  for  the  preceding 
planes  and  proceed  to  the  next  step. 

Otherwise  proceed  directly  to  the  next  step. 

4,  Set  7|"(Tan  R^)  *  or  7j  ■  (Tan  S2)  *  whichever  is  larger. 

Set  7|'  "(Tan  Rj)  *  or  7?'  "(Tan  S^)  *  whichever  Is  smaller. 

Proceed  to  the  next  step. 

5,  Calculate; 

Ut  •LA€,7I> 

U'{  =L'<f.7p 

r  **, 

C5  =  Bw(Xe-H">  [Gd(‘:i*H)  *  Gd(^i*H)j  l-Sv(V  W3) 
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where  H"  »  H  -  h  h^  -  3  or  H"  ■  3  whichever  la 

algebraically  larger. 

If  there  are  apertures  in  the  wall  of  the  story  below, 

calculate : 

C--Bw(0,H)  [cd(W*[,H)  -  Gd(  Wj.H)]  Bw(Xi,3) 

Proceed  to  next  plane  (step  B). 

H.  Determine  the  skyshine  component  from  the  story  above, 

V 

1.  If  this  la  the  top  atory  or  IRF  »  1,  aet 

and  transfer  to  step  Otherwise  proceed  to  next  step. 

2,  Define  Tan  SJ  to  be  the  algebraically  smallest  Tan  S1 
from  the  subset  of  negative  Tan  Sj  fium  the  set  of  Tan  Sj 
for  all  contaminated  planes  on  this  side  of  the 
building.  If  Tan  Sj  doos  not  exist  there  is  no 
shielding  of  skyshine. 

3k  If  (-Tan  Sj><d/ (1^-3),  set  7^  -  (-Tan  Sj)'1 

If  (-Tan  Sp;>d/(ha-3)  or  if  Tan  SJ  docs  not  exist, 
set  T)m  (hfl-3)/d 
Proceed  to  next  step. 

4^  Set  Tj"  -  (h#  +  h  -3)/d 
Proceed  to  next  step. 

It  HTj  >  Tj  ''  set  C6-C;-C7-Cj-0 
and  transfer  to  step  J^ 

Otherwise  proceed  to  the  next  step. 
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6 ,  Calculate  the  difference  for  each  plane  preceding 

the  one  for  which  J— Tan  S  j]  d /  (h^-3). 

If  this  relation  is  not  satisfied  by  any  plane,  or  if 
Tan  does  not  exist,  calculate  -  D^  for  all  planes. 

Proceed  to  pext  step. 

2jl.  Lee  H:  -  ZtKDj-Dp  /^(Dj-Dj) 

where  the  summations  are  taken  over  all  planes  for  which 
differences  were  calculated  In  step  6  above. 

Proceed  to  next  step. 

8.  Calculate: 

U”  =U(€.Tf) 

-u<e,7|) 

VBw(Xc*H">  G.<^u>  *  G.^u>  l*Sw<VUw(Xi*3) 

where  11"  -  II'  +  h#  +  il>u  -  3  or  11"  -  3,  whichever  Is  nlgcbrnlcnlly 
larger. 

If  there  are  aperture*  In  the  wall  of  the  story  above, 
calculate: 

C'-B  (0, H")  C  QJ')  -C  (h)  )  B  (a.  ,3) 

6  w  ’  a  wu  a  wu  w  1  ’ 

where  H"  «■  II’  or  11"  ■*  3,  whichever  Is  nlgcbrnlcnlly  larger. 
Proceed  to  Step  1_. 

I.  Determine  the  skyshlnc  component  from  the  detector  story,  Cy 
1,  If  Tan  exists  set  7|'  “  (*Tan  S^)  * 

Proceed  to  next  step. 

If  Tan  S'  does  not  exist,  sctL/'  -  J. 

1  ’  wu 

Transfer  to  step  4  below. 

-  P-65  - 


2.  If  >(h^-3)/d  set  C?"0  and  transfer  to  step 
Otherwise  proceed  to  next  step. 

3.  Calculate: 

Proceed  to  next  step. 

4.  Calculate  the  difference  Dj-  for  every  plane 
preceding  the  one  giving  rise  to  Tan  Sj  and  proceed 

to  the  next  step,  If  Tan  SJ  does  not  exist,  let  H'»H' 

from  step  H.2,  above  and  transfer  to  step  £  below. 

Lot  H'  ■  1 5jl <l>*- D. >| /52<D j-D  )  or  H'"3,  whichever  is  algebraically 
larger. L  2  1  y  21 

where  the  summations  arc  takon  over  all  planes  for  which 
differences  were  calculated  In  step  U  shove. 

Calculate: 

Uu  -t^f,(ha-3)/d] 

WV'^V^  -  VLy')][l-Sw(Xc)j  Bw(Xlf3). 

If  there  are  windows  In  the  adjacent  story  wall,  calculate: 

k 

C'  ■  B  (O  H'  )  G  Oj )  -  G  (U’)  B  (X.  ,3). 

7  w'  a  wu  a  wu  w  l’ 

Proceed  to  step 

Determine  the  total  ground  contribution,  C^,  from  this  side. 

A^  *  area  fraction  of  apertures  in  wall  of  story  above. 

A^  »  area  fraction  of  apertures  In  detector  story  wall 

A  -  ^aAp  =  area  fraction  of  apertures  above  detector 
*  h  *  3 

on  detector  story. 

Aj  »  area  fraction  of  apertures  In  wall  of  story  below. 
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Case  1.  Detector  is  below  aperture  sill  level  in  detector 


story  wall. 

Cg  "  P  [  W  [  AUC6  +  <C6+£Cl>]  +  \C7  +  (1’Aa>  C7  + 

£[ a-V  c2 +  c2 +  c3]  +  Wl[Aics +  u-V<w]  , 

where  the  summations  are  taken  over  the  contributing  contaminated 
planes. 

Case  2.  Dotector  is  above  aperture  sill  level  in  detector 

story  wall. 

Cg  "  P  W  [  AuC6  +  <l‘Au><C6  +  £C1>]  +  Ap<IC3  +  CP 

+  (1*V[^(C2+C2+C3)  +  C?]  + 

+  <1-A1>  <S  *  V]j  • 

whore  the  summations  are  taken  ovor  the  contributing  contaminated 
planes. 

Caso  3.  No  aporturoB  on  any  or  nil  stories. 

Simply  put  the  appropriate  A  values  equal  to  zero  In  cither  of 
the  equations  above. 

K.  Determine  the  Total  Ground  Contribution  from  all  Sides. 

C  -7c' 

8  u  8 

where  the  summation  is  taken  over  the  four  sides  of  the  building. 
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Numerical  Example.  Ground  Contributions 

Sacple  calculations  using  the  recoircnended  procedures  are  given  for  the 
fourth  floor,  side  D,  of  the  building  described  in  TABS  3  and  A. 
a.  Establishment  of  Contaminated  Planes 
(1.)  Side  A 

Plane  li  D^-0,  D2»990,  H-33 
Lt  -  1A0 
(2.)  Side  B 

Plane  lj  D^O,  D2-20,H-33 

Plane  2:  0^20,  D2-100,  H-21 

Plane  3i  -  100,  D,  -  1090,  H-33 
Lc  -  SO  1  i 

(3.)  Side  C 

Plane  Is  D^O,  D2»80,  H-3 
Plane  2:  0^80,  D2-1070,  H-33 
Lt  -  60 
(A.)  Side  D 

Plane  1:  D^O,  Dj-lO,  H-3 

Plane  2:  D^IO,  Dj-30,  H-33 
Plano  3:  D1-30,  D2-110,  H-21 

Plano  A:  D1»110,  D2-1100,  H-33 
L  -  70 

t 

For  side  D,  d  »  35. 

Lt  -  70 

Lp  -  60 

f  -  .857 
P  -  .318 


IRF  -  0 
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b.  Ground  Contribution  Calculations 


(1.)  Plane  1 

(a)  Calculate 

l  ;  -  o 

Ug  -  HU [(60+20) /20,  15/10 ]  -  .175 

Uu  -U[.S57,.2  ]  -  .81 
U'u  -CJ[.857,  .486  |  -  .57 

CL  -  [ .0092  -  o]  x  [.35  -  .205]  x  .63  x  1.411  x  .60  -  .00071 

(b)  Calculate  and  C!,' 

U'B  -0 

Ue  -  iL/ [(60+20)/ 20,  5/10]  -  .345 

•  •  •  _  | 

1 

(Jx  •  L/(. 857, .0857)  -  .92 
Uu  •  L/(-857,  .2)  -  .81 

-  [.028  -  0]  x  [,  205  -  ojx  .63  x  1.411x  .60  -  .00306 
C”  -  (.028)  x  (.093)  x  (.63)  x  (1.411)  x  .60  -  .001388 

(c)  Calculate  and  C^ 

7|-  3/35  -  .0857 

*(*/(■  85  7,  .0666)  -  .935 

Uj  -  L  (.857,  .0857)  -  .92 

C3  -  .25  x  [  .36  -  .30  j  x  .37  x  .60  -  .00333 

-  1  x  [  .  36  -  .  30  ]  x  .  60  -  .  0360 

C.  -  C,  -  C'  -  0 

4  5  5 

(2.)  Plano  2 
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(a)  Calculate  C^. 

Tan  Cor  this  plane  equal  to  Tan  V,,  for  the  preceding 

plane. 

R  -  (33  +  10  +  10  -  3)  x  .5  -  25 

S  “I  HI*30  '  33  “  12 

T  -  33  +  10  +  10  -  3  *»  50 
( J'  -  SU  1(60  +  50)/50,  2.o|  -  .11 

L/a  -  *>Ly[(60  +  60)/60,  1.6?]  -  .13 

U7u  -  L7(.657,  .  343)  -  .68 

T  -  17 

>^)  -  .57 

■  1.0034  -  .0019  ]  x[.35  -  .2B2]x  .63  x  1.411  x  .60-, 0000544 

(b)  Calculate  OJJ  and  C!,' 

Ton  Tj  for  the  preceding  plone  lo  greater  than  Tnn  T^ 

Cor  this  plane. 

Ton  Wj  Cor  o  preceding  plane  Is  greater  than  Tnn  Cor 
tli Ch  plane. 

-  c”  -  <:3  -  -  0 

(c)  Calculate  C^. 

U  -  45,  O  .667 

Rc-evoluatc  the  quantities  defined  In  steps  A  and  fl. 

l,;  “  0 

(_s  -  i  L,'^60  +  40)/40,  1.25]  -  .19 

U/j  -  L  (-667,  .289)  -  .69 


”-70- 


Ux  -(*/(.  667,  .0667)  -  .925 

C4  “  [-0092  -  o]  x  [  .290  -  .082  j  x  .63  x  1.391  x 
(d)  Calculate  Cj  and 

Cj  ■  Cj  ■  0. 

(3)  Plane  3. 

(a)  Calculate  C^. 

U'B  -  ^60  +  60)/60,  33/3o]  -  .20 

LJb  -  ^60  +  220) /220,  33/1  lo]  -  .38 
l Ju  -  (-857,  .2)  -  .81 

T  -  17 

U"  -L/(.857,  .486)  -  .57 


21  “  [  • 


053  -  .0092 


H 


.350  -  .205 


]* 


.63  x  1.411 


(b)  Calculate  and  C”. 


R  -  <21  +  5  -  3)  x  2  »  46 


S 


18 


100 

T  -  21  +  5  -  3 


-1.2 


x  110  -  21 
23 

U'B  -  w[(60  +  92)/92 ,  23/46]  -  .325 
U/B  -  Uj[(60  +  220)/220,  23/lloj  -  .415 

K“  i 

U/j  -  U(. 857,  .0343)  -  .967 
U/u  -  LA-857,  .2)  -  .81 

C^«£.0G0  -  .028  ]  y.  205  -  o]  x  .63  x  1.411  x  .60 
C'^  *■  [.060  -  .028]  x  .037  x  .63  x  1.411  x  .60  - 


60  -  .001006 


x  .60  -  .00339 


-  .00350 
000631 
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(c)  Calculate  and  C^. 


(d)  Calculate  C^. 

d  -  45,  C "  • 667 

Use  the  re-evaluated  values  for  the  quantities  defined  in 
steps  A  and  B. 

U'e  m  ^Cj[(60  +  40) AO,  13/20 ]  -  .30 
U9  ■  %U[(60  +  220)/220,  13/llo]  -  .45 
U'{  -L/[. 667,  13/45 ]  -  .69 
CJ1  -  (.667,  .0667)  -  .925 

C4  -  [.085  -  .028  ]  x[. 290  -  .082  J  x  .63  x  1  .391  x  .60  -  .00623 

(o)  Calculate  Cj  and  Cj 

21/(110  +  45)  -  .135 

7|'  -  13/45  **  .289 

U/t  667,  .135)  -  .85 

U'{  -L/i'W'  -289)  -  .69 

H"  -  13 

C5  -  .175  x  [.48  -  .175]  x  .37  x  .50  -  .01185 

C.j  -  .72  x  [.48  -  .175  ]  x  .60  -  .1318 
(4)  Plane  4 

(a)  Calculate  . 

R  -  (33  +  10  +  5  -  3)  x  110  /  (21  +  10  +  5  -  3)  -  150 
S  =  7 

T  ■=  33  +  10  +  5  -  3  -  45 
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L/g  -  %(j[(60  +  300) /300,  45/150 J  -  .38 
U6mii 

(Ju  -U(.B57,  .2)  -  .81 
X  -  17 

Uu  -U(. 857,  .486)  -  .57 
H"  -  45 

<4  -  [.105  -  ,053  j  x [, 35  -  .205 j  x  .63  x  1.411  x  .60  -  .004019 

(b)  Calculate  and  C!,' 

R  -  (33  +  5  -  3)  x  110/(21  +  5  -  3)  -  167 
8  -  ~  x  110  -  33  -  -19.6 
T  -  33  +  5-  3=  35 

U'B  -  *u[(« o  +  334)/334,  35/167]  -  .41 

Ua-h 

1*4  -  U<- 857,  .0857)  -  .92 

u:  -  *• 

Uu  -U/<.857,  .2)  -  .81 

-  [  .13  -  .053  ]  x[.205  -  0]  x  .63  x  1.411  x  .60  -  .00841 
-  [.13  -  .053]  x  .093  x  .63  x  1.411  x  .60  -  .00382 

(c)  Calculate  and  Cj 

Tan  Sx  -  (110  +  35)/21  -  6.90 
7j*  3/35  -  .0857 

U[  -  1 

Ux  -  (.857,  .0857)  -  .92 

r  3 

C3  ■  .13  x  [  .09  -  0  I  x  .37  x  .60  -  .00260 
Cj  »  .5  75  x  [.09  -  o]  x  .60  -  .03105 
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(d)  Calculate  C^. 

d  =  45  ,  £  c  .667 

Use  the  re-evaluated  values  for  the  quantities  defined  in 
steps  A  and  B. 

R  =  (33  -  5  -  3)  x  110/(21  -  5  -  3)  -  212 
S  -  13 
T  -  25 

U'e  -  1>L7[(60  +  424) /424,  25/212]  -  .45 
L/„  “  $ 

(,./•'  »(v/(.667,  .  284)  -  .60 
(./j  -  L/(.  667,  .0667)  -  .925 
ii”  «  25 

C/t  -  |^.  145  -  .085  ]  x[.290  -  .082  ]  x  .63  x  1.391x  .60  -  .00656 
(e)  Calculate  Cr>  and  Cj 

Tan  Sj  -  (45  +  U0)/21  -  7. 38 
3/6.5  -  .0607 

7/'  «  (Ian  S^'1  ■=  .1355 
U/j  "U/(. 667,  .0667)  -  .925 
L  ’’  <*L  (  667,  .  1  355)  -  .85 


11"  - 

25 

S  _ 

.145  x  | 

.124 

-  .09] 

x  .37  x  .60  =  .001094 

.61  x  ^ 

.  124  - 

.09  ]  x 

.60  =  .01244 

(5)  Calculate  Skyshlne  Contribution, 
(a)  Calculate  and  , 


Tan  Sj  does  not  exist. 
7}  =  7/35  =  .2 
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7|"-  17/35  -  .486 

H’  «  (3  x  10  +  33  x  20  +  21  x  80  +  33  x  990)/(1100)  -  31.9 
U"  -U<- 857,  .486)  -  .57 

Uu  -U(. 857.  .2)  -  .81 

H"  -  31.9  +10  +  10  -3-48.9 
Cg  -  .105x 

C£  »  .49  x  [  .081  -  .052 
(b)  Calculate  Cy  and  c£ 

U'u  -  1 

Un  mU(.- 857.  .2)  -  .01 
C?  »  .13  x  ^ .052  -  o]  X  .37  x  .60  ■  .00150 

C}  ■  .575  x  [  .052  -  o  ]  x  .00  -  .01794 
(6)  Calculate  Total  Contribution  from  Side  D. 

a  -  umas) , ,  286 

c\  / 

(.80)  x  £Cj  ■  .00654. 

£(.714  sCj  +  C’2'  +  C3)  -  .02245 

£[(.20)  >:  C’  +  (.80)  x  (CjfC^))  -  .05023 

C  -  (.318)  x  [  (.04  3)  x  (.001706  +  .000541  +  .00654) 

+  .00513  +  .001071  +  .02245  +  (.061)  x  (.05023)] 

C'  =  .0102 
8 


]  x  .60  «  .00853 


[.081  -  .052]  x  .37  x  .1 


.000676 
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D.  Areawayg 

1 .  Present  Method 

Arcaways  are  now  considered  In  the  NFSS  only  if  they  exceed  50  percent  of 
the  length  of  the  adjacent  wall.  They  are  then  counted  as  the  first  plane  of 
contamination  on  that  side  and  must  be  considered  as  a  minimum  of  ten  feet  wide. 

In  reality,  only  a  limited  number  of  areaways  are  that  long  or  that  wide. 

2 .  Reconwended  Method 
a.  Procedure 

An  areaway  In  an  otherwise  unexposed  basement  will  contribute  a  largo 
part  to  the  total  reduction  factor  and  thorofore  should  bo  considered  re¬ 
gardless  of  longth.  TAB  9  Indicates  how  tho  reduction  factor  of  an  unex- 
poned  basement  as  described  In  Example  5,2  of  Reference  5  is  increased  by 
the  addition  of  on  areoway.  Tho  reduction  factor  la  increased  approximately 
6  percent  by  the  addition  of  a  fivo  foot  wide  areoway  adjocont  to  50  percent 
of  one  exterior  wall.  This  increaso  would  bo  approximately  15  percent  if  the 
upper  IV  of  tho  exterior  wall  adjacent  to  tho  areoway  wero  windows.  If 
ihere  had  been  a  3'x7'  door  loading  Into  this  arenwny,  the  reduction  factor 
would  have  increased  about  9  percent.  A  combination  of  the  windows  and  door 
would  increase  the  reduction  factor  by  approximately  16  percent. 

It  Is  recommended  that  the  portion  of  basement  wall  with  on  adjacent 
areaway  be  considered  as  the  first  Story  with  the  bottom  of  the  nrcaway  as 
the  first  plane  of  contamination  and  the  normal  grade  level  ns  the  second 
plane.  Contribution  from  this  finite  plane  of  contamination  will  be 
calculated  by  the  EJl  method  In  which  directional  responses  for  direct  and 
scattered  radiation  are  differenced.  The  directional  response  for 
scattered  radiation  Is  then  multiplied  by  a  barrier  reduction  factor 
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for  limited  planes  (EM  Chart  9).  The  ratio  of  the  areaway  length  to  the 
wall  length  would  he  used  to  determine  the  percentage  of  thia  contribution 
to  be  used  in  the  total  wall  contribution.  The  contribution  from  the  upper 
atory  would  be  computed  as  recommended  under  Section  A.  Data  for  this 
calculation  are  available  from  Columns  70  -  76  of  the  Phase  2  DCF.  Data 
regarding  apertures  in  arcaways  arc  not  collected  in  Phase  1  or  2  but,  as 
indicated  by  the  results  in  TAB  9,  data  should  he  gathered  for  new  or 
modified  structures. 

b.  Chart  Changes 

The  calculation  of  arcavay  contribution  is  now  handled  hy  considera¬ 
tion  as  a  contaminated  plane;  therefore,  only  Table  6  (Rcferoncc  1)  is 
deleted.  Tables  are  needed  to  represent  Engineering  Manual  Chart  2  for 
wall  barrier  factor;  Chart  5  for  Gs  and  Gfl  directional  responses;  Chart  (» 
for  Gj  directional  response;  Chart  7  for  wall-scatter  factor;  Chart  8  for 
shape  factor;  and  Chart  9  for  wnll-scnttor  harrier  factor. 

c.  Functional  Equations 

The  basic  equation  for  an  arcaway  with  no  apertures  in  an  otherwise 

unexposed  basement,  using  Bymbols  contained  In  Table  5  of  Reference  3,  Is 

L 

ADOS  -  Pf  VXi>3'>  [Cl  +  C2  +  C3] 

in  which  *>  length  of  arcaway,  and 

(l)  when  the  detector  is  above  the  level  of  the  arcaway 

C1  ■  [GS<W1>  +  GS(C0U>]  W  E  (c)  Bws  (aVV 

C2  -  ^Gd  /-W]  Bv<V> 

C3  ■  AGfl(03)  [l-Sw(Xc>]  8w(Xc,H) 
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(2)  when  the  detector  ie  below  the  level  of  the  areaway 


C1  -Ags(Cc»  Sw(Xe)  E  (e)  BW8(Ws,Xe) 


C3-AGfl<CU)  [l-Sw(Xe)]  Bw(Xe,H) 

d.  Calculations 

(1)  Comments 

(a)  The  calculation  la  made  for  the  portion  of  basement  wall 
adjacent  to  an  areaway. 

(b)  The  contribution  from  the  story  above  the  detector  is 
calculated  as  recommended  In  Section  A,  Basement  Exposure. 
In  tills  calculation  Ignore  the  areaway. 

(c)  The  level  of  the  areaway  If  assumed  to  be  located  at  the 
level  of  the  basement  floor. 

(d)  Areaway  contribution  Is  Ignored  when  the  basement  exterior 
wall  is  exposed  above  grade. 

(2)  Symbols  Used 

D  ■  distance  from  detector  to  exterior  wall 

XE  "  exterior  maas  thickness  of  wall  adjacent  to  aroawny 

XI  "  interior  wall  masB  thickness  between  detector  ond 

contributing  wall  (see  Section  E  for  determination  of 
effective  thickness) 

L  ”  length  of  this  side  of  building 
"  length  of  the  areaway 
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ratio  of  length  of  side  of  building  to  the  perimeter  of  building 


HB  “  height  of  basement 

HD  «  detector  height  above  basement  floor  (3  ft) 

HP1  ■  height  of  areaway  (first  plane)  above  first  floor  (will  be 
negative) 

HP2  ■  height  of  grade  level  (second  plane)  above  first  floor 
HP3  ■  height  of  third  plane  above  first  floor 

D1  ■  width  of  areaway  measured  along  a  perpendicular  to  building  wall 
D2  ■  UIhIuiilo  from  uxLeiloi  wall  to  outer  boundary  of  second  plane 
(inner  boundary  of  third  plane) 

D3  ■  distance  from  exterior  wall  to  outer  boundary  ol  third  plane 
(For  the  location  of  these  datn  on  the  Phase  1  and  2  Data  Collection 
Forms  see  TAB  2) 

(3)  Dotail  Calculations 

(a)  Calculate  the  contribution  from  the  adjacent  wnll. 

1.  The  procedure  is  to  enter  the  program  In  Section  11.  C.  2.  «1  ■ 
(3)  (a)  for  the  Ground  Contribution-Stories  Above  Grade 
with  the  following  input  data: 

Ground  Contribution  Notation  Areaway  Notation 

d  -  D 


X  -  XE 

e 

-  XI 


L 


t 


2D 


l  -  L 

P 

h  -  11B 

a 
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D1  “0  for  the  second  plane  (^redc  level). 
Result:  WAL3 ,  WAU,  WAL5,  WALt> 

(c)  The  total  contribution  for  this  side  is 

WALDA  ■=  WAL1  +  VIAL3  +  WAI.4  +  WAL5  +  WAI.6 
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(d)  Compute  the  contribution  from  the  other  3  sides  iollowlng  the 


procedure  in  II.  A.  2.  d.  (3) 

Result:  WALDA,  WALD8,  WALDC,  WALDD 
(e>  The  total  ground  contribution  is 

WALD  -  WALDA  +  WALDB  +  WALDC  +  WALDD 


3.  Numerical  Example 


A  sample  calculation  using  the  recommended  procedures  for  areaway 

calculation  Is  given  for  the  areaway  defined  in  TABS  3  and  4,  The 

depth  of  the  areaway  Is  assumed  to  be  at  the  level  o£  the  basement  floor. 

a.  Data 

d  =  D  «  70' 

X  ■  XE  B  <iO  psf 
e  r 

Xj  ■  XI  »  20  psf  (zero  in  ground  contribution  procedure) 

1.  -  140' 

L  »  80' 

P 

L  «  40' 
a 

h  -  1111  -  13' 
a 

h|_  -  0 
hu  -  10 
lll’l  -  -  13' 

111*2  -  0 
Dl  -  5 
D2  •  CO 


HD  -  3* 

fill  -  3+13-13  •  3' 
1st  plane  -+D1  ■  0 
Ip2  »  5 ' 

fll  -  3-0-13  »  -10’ 
2nd  plane  -tDl  •  5‘ 

(D2  »  oO 
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0.00155 


ClJ  -  [rws  -  Bws][rla( 0.945)]  (0.63)  (1.37) 

-  (0.0092)  (0.072)  (0.63)  (1.37) 

-  0.00057 

"  (see  areaway  functional  equation)  -  +  C',j 


CL  -  0.00155  +  0.00057  -  0.00212 
(3)  Find  Direct  Contribution 
£  £  n  -  1/23.3  -  0.0428 

iVJU[  °6)(0. 571. 1/25)  »£J(0. 571. 0.04)  -  0.949 
“^(0.571,0.0428)  “  0.945 

C.,  “  Bw  (600 ,  3 ')  [«, (0.945,  3*)  -  0,(0.949,  3")]  x 
( l-Sw(6O0)) 


to  net  the  ^0(,  vio  ii ho  linear  Int -  rpol ut  1  on 


C3  -  (0.25) 


0.949  >0.94  5 
0.96-0.94 


o.oaj 


(1-0.63) 


0.25  ( 0 , 004 v.0 .08/0,02)  (0.37) 

0.25  (0.016)  (0.37)  »  0.00148 


( Hoe  areaway  functional  equation)  -  C.,  (above) 
C2  “  0,00148 

(4)  Find  Skvsblno  Contribution 

H  2  tan  S'  -  >7.5 

—  e 

1  1  n'  -  -1/-7.5  «  0.1333 

2.  n'  &  10/70 

3  (j1  =  (0.571,  0.  1333)  =  0.834 

6  jj  =  (0.571,  0.143)  =  0.823 

G,  »  B  (600,  3')  [g  (0.823)  -  G  (0.835)1  (  1-0.63) 
/  w  La  a  J 

=■  0.25  (0.0505-0.0485)  (0.37) 

=  0.25  (0.0020)  (0.37) 

G?  =  0.000185 
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(ace  areaway  functional  equation)  =  (above) 


C3  -  0.000185 

(5)  Find  the  total  areaway  doac 

A008'  So  x  IS  xB„<20"-3’>  [Cl+C2+C3] 

-  YY  (0.60)(0. 00212+0. 00148+0. 000185) 

“  Yj;  (0.60)(0. 003785)  °  —  (0.002273) 
ADOS  "  0.0002065 

For  comparison,  the  basement  calculation  yielded: 
WALD  (no  exposure)  »  0.000158 
WALD  (5*  exposure)  *•  0.00310 
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E ,  Interior  Partition  Effective  Maas 


1 .  Recommended  Method 

A  Technical  Operations  Research  model  study  (see  Reference  6)  of 
t.he  effect  of  interior  partitions  on  ground  contribution  verifies  that 
the  Engineering  Manual  method  of  handling  Interior  partitions  with 
azimuthal  sectors  Is  satisfactory.  Since  Phase  2  interior  partition 
data  arc  collected  on  a  wall-by-wall  basis  and  are  not  sufficiently 
detailed  to  permit  the  use  of  azimuthal  sectors  In  calculating  attenu¬ 
ation  due  to  interior  partitions,  the  azimuthal  sectors  that  arc  Inherent 
In  the  recommendod  changes  aro  tlioso  defined  by  the  exterior  wall  Inter¬ 
sections.  Consequently,  the  revised  Computer  Program  will  not  treat  In¬ 
terior  partitions  wllli  the  Engluec- 1  lug  Manual  method.  It  Is  therefore 
necessary  to  program  instructions  so  that  the  Computer  Program  can  Inter¬ 
pret  Interior  partition  data.  Corridor  (nr  parallel)  and  cross  partition 
mass  thicknesses  as  well  as  their  average  spacing  and  general  pattern  are 
entered  In  the  Phase  2  collection  forms  (Reference  7,  page  DCFI-24), 

The  Influence  of  the  spacing  of  cross  partitions  In  comportment  geometry 
on  dose  rates  was  not  Investigated  by  Technical  Operations  Research. 
However,  an  approximate  prescription  can  be  formulated  ns  follows:  the 
spacing  used  in  the  experiment  was  such  that  If  all  cross  partitions 
on  one  side  of  the  corridor  were  rotated  90°  and  placed  end-to-end, 
they  would  form  n  corridor  type  partition  that  would  extend  practically 
the  entire  length  of  the  building.  In  other  words,  the  smeared  mass 
thickness  of  the  cross  partitions  Is  nearly  equal  to  their  actual  mass 
thickness.  Some  data  are  available  for  the  computer  to  estimate  smeared 
mass  thicknesses.  It  Is  therefore  recommended  that: 
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a.  Interior  partitions  between  a  detector  and  wall  which  have 
box  or  corridor  geometries  be  assigned  a  mass  thickness 
equal  to  the  sum  of  the  interior  wall  thicknesses. 

b.  Cross  interior  partitions  be  assigned  a  mass  thickness  equal 
to  one -ha If  the  smeared  mass  thickness. 

c.  The  total  Interior  mass  thickness  be  set  equal  to  the  sum  of 
those  calculated  in  a  and  h. 

Consider,  for  example,  the  contribution  from  side  c  of  a  building 
of  type  1  (Reference  7,  page  DCl'1-25)  shown  In  Figure  l‘-2. 


FTCIIRK  I’- 2 

l’Ij\M  OF  1!UIU>TN<:  WITH  7  CROSS  FAHTITIONS 
Xt.  -  AO  psf,  X(i  »  20  psf,  1,  "  HO1,  1)  "  20',  S  »  10' 


»  35  psf 
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The  total  Interior  mass  thickness  for  aide  C  is: 

X  -  X  +  %  X  \  , 

i  c  pJ smeared 

-  40  +  H  (35) 

■  57.5  paf 

The  same  value  can  be  used  for  the  contribution  from  the  left  and  right 
ends  of  the  building  in  Figure  P-2. 

Unfortunately,  it  is  not  possible  to  determine  from  the  Phase  2 
data  whore  the  cross  partitions  are  located,  i.e.,  on  sides  A,  B,  C, 
and/or  D,  This  information  is  needed  in  the  calculation  of  X  )gmonrt!tj 

(through  the  parameters  D  and  L)  and  in  the  determination  of  the  sides 
through  which  the  radiation  must  penetrate  interior  partitions,  For 
example,  the  computer  should  use  Xj-0  rather  than  the  above  computed 
value  for  Xj  for  Lho  radiation  entering  the  side  opposite  Side  0  In 
Figure  P-2. 

An  examination  of  the  Plwtse  2  DOF's  shown  that  each  building  typo 
1-4  (see  column  64)  with  cross  partitions  i..ny  have  non-soro  entries 
for  parallel  partitions  on  1-4  sides  (see  columns  58-65).  Consequently, 
some  scheme  tor  interpreting  the  data  is  required  in  order  to  use  the  cross 
partition  information  in  the  calculations.  The  following  conservative 
approach  is  recommended:  the  instruction  a,  b,  c,  or  d  to  be  programmed 
for  each  combination  of  building  type  and  parallel  partition  config¬ 
uration  is  indicated  in  Table  P-I. 
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spacing  S  Is  greater  than  the  length  L  of  the  shorter  side. 

(If  S  ^1.,  assume  that  they  are  on  the  other  two  sides.) 

X  .  .  and  add  k  this  value  to  X  for  each 

r  p)smeared  c 

side  to  obtain  for  each  of  the  four  Bides.  (X£  is  zero 
if  a  side  has  no  parallel  partition.) 

2.  Symbols  Used 

D  »  distance  from  detector  to  exterior  wall 

L  •  length  of  this  wall 

S  •  average  spacing  of  cross  partitions 

X£  ■  total  mass  thickness  of  parallel  partitions  on  a  sido 

»  total  Interior  mass  thickness  for  a  aide 

Xp  -  average  mass  thickness  of  one  cross  partition 

X  .  .■  smeared  mass  thickness  of  cross  partitions 

p)smenred 
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F.  Total  Contribution 

The  total  contribution  (RF)  for  a  building  Is  do  to  mil  nod  by  adding  the 

conti Ibutlona  of  Sections  A  through  D  for  each  story  of  a  building. 

1 


Protection  Factor  B 


RF 


It  lfl  recommended  that  the  computer  prlnt-out  indicate  separate  contri¬ 
butions  for  each  wall  through  the  solid  portion  and  through  the  apertures. 

G.  Charts 

In  order  to  accomplish  the  calculations  recommended  above,  Tables  2,  3, 

A,  5,  6,  and  8  are  to  be  deleted  from  the  computer  program.  Tables  1  and  7 
will  remain,  whereas  new  tables  are  required  for  Chart  1  (Case  1),  Chart  2, 

Chart  A,  chart  3  (C  and  <:  ),  chart  (>,  Chart  7,  Chart  H,  and  chart  9  of  the 
Engineering  Manual  (see  Reference  3)  and  Cliarl  11  of  the  Shelter  Design  and 
Analysis  Manual  (see  Reference  3).  Charts  are  referred  to  as  being  engineering 
Manual  Charts  In  order  to  Identify  the  "procedure,"  however  the  latest 
revision  of  all  charts  will  be  used  whether  they  appear  In  Reference  2  or 
Reference  5. 

Tables  representing  the  required  charts  are  Included  In  TAB  10,  The 
tabular  values  f<>r  height  in  Chart  2  and  solid  angle  fraction  in  Charts  A  and 
')  have  logarithmic  spacing  (Log  11  goes  from  0,3  to  3.0  In  steps  of  0.1  and  LogCO 
from  -3.0  to  0.0  in  steps  of  0.1).  The  computer  will  calculate  solid  angle 
fractions  and  round  to  the  nearest  Log  Ac). 

In  general.  Interpolation  of  these  Charts  is  not  required  except  for  the 
directional  response  for  direct  radiation,  U  | ,  for  areaways .  For  this 
ease,  enter  Tabic  6  with  a  height  of  3  ft  and  use  1'ncar  tnterpola  tlon  for 


the  (jJ  variable . 


H.  Shelter  Area  Factors 


1.  Background 

Area  factors  arc  used  to  represent  fractions  of  total  floor  areas  In 
determining  the  S-AREA  offering  protection  greater  than  a  predetermined  value. 

The  area  factors  used  In  the  present  NBS-NFSS  Computer  Program  arc  based  on  the 
extent  of  the  area  In  PF  Category  4-8  shelters  which  does  not  drop  below  PF  100. 
Under  the  revised  criteria  for  marking  shelters  it  has  become  of  Interest  to 
ascertain  the  fraction  of  floor  area  that  Is  above  PF-40.  Specifically,  RTI 
was  asked  by  OCD  to  determine  in  a  preliminary  way  If  the  area  factors  in  Table 
P-Il  are  conservative  or  nonconsorvative.  The  single  area  factor  in  the  Phase  1 
NFSS  Computer  Program  is  indicated  in  parentheses  under  each  PF  category. 

2.  Kocommondcd  Area  Fat  tors 

HTI  lias  made  contour  plots  of  PF's  throughout  the  firBt  story  of  a 
wlndowloss  square  building  using  the  AE  Guide  procedure.  Wall  thicknesses 
were  chosen  to  give  center  PF's  of  55,  85,  and  125  for  PF  Categories  2,  3, 
and  4,  respectively.  The  fraction  of  the  floor  area  that  had  n  PF  greater 
than  40  was  then  graphically  determined,  assuming  no  roof  contribution.  The 
results  depended  on  Che  floor  area  and  are  shown  in  Figure  P-3  for  buildings  in 
PF  Category  2  (average  center  PF  «  55).  These  area  factors  indicate  that  the 
entry  of  0.4  in  Table  P-Il  for  Category  2  with  a  minimum  PF  of  (rF)c»40  and  the 
entry  of  0.7  for  PF  Category  3  with  (PF)c“40  are  conservative,  i.o.,  underestimates. 
Next  the  influence  of  apertures  was  Investigated  by  RTI  personnel.  Generally,  the 


P-92 


TABLE  P-II 


Tabic  of  Fractional  Shelter  Area  with  PF  Greater  than  (PF)^ 
(Received  from  OCD  for  Evaluation  by  RTI) 


Shelter  Category 

8 

7 

6 

5 

4 

3 

2 

(NFSS  Phase  1 

Area  Factor) 

(.7) 

(.3) 

(.5) 

(.5) 

<mc 

500 

1.0 

.5 

250 

1.0 

.8 

.5 

150 

1.0 

.9 

.8 

.4 

100 

1.0 

1.0 

.9 

.7 

.3 

70 

1.0 

1.0 

.9 

.8 

.6 

.3 

A0 

1.0 

1.0 

.9 

.9 

.8 

.7 

.4 

20 

1.0 

1.0 

1.0 

.9 

.8 

.8 

.5 
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FIGURE  P  -  3 


Fraction  .if 
Aron  with 
I'K  >  40 


Area  Factor  Dependence  on  Floor  Area  on  the  Fir  c  Floor 
of  a  Wlndowloaa  Building  with  No  Roof  Contribution 
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variation  in  area  factor  with  increasing  aperture  percentage  (up  to 
40  percent)  was  less  than  the  variation  with  floor  area  from  2500 
to  10,000  square  feet.  In  summary,  the  results  of  RTI'a  preliminary 
investigation  arc  reported  in  Table  P-1II.  These  area  factors  arc 
believed  to  he  conservative  for  the  majority  of  cases. 

Dependence  of  Area  Factor  on  Sonrec-Bui  ldlng  Configuration 
a.  Interior  Partitions 

It  is  pointed  out  that  values  in  Figure  F*3  may  not  bo  appropriate 
for  the  use  with  buildings  with  Interior  partitions  when  the  centor 
PF  la  calculated  with  tho  partition  harrier  factor.  In  this  case, 
the  PF  will  malic  a  rapid  drop  ufc  ><no  leaves  the  core  area  defined 
hy  Che  partitions  (for  example,  hoc  Table  H  of  Reference  6).  It  )r 
expected  that  the  area  factor  for  a  core  aroa  should  be  larger  than  the 
area  factor  for  a  building  with  no  interior  partitions, 
h.  Hoof  Versus  Ground  Contribution 

Another  Important  consideration  in  determining  area  factors  is 
the  source  location.  In  general,  the  center  of  the  floor  area  is 
the  safest  place  to  he  when  the  predominant  radiation  enters  through 
Clio  adjacent  walls  (equally  ft™  all  oidcB),  In  thi9  case  an  area 
factor  of  0.7  means  that  the  30  percent  of  the  floor  area  next  to 
tile  walls  snould  not  he  occupied.  In  contrast  to  this  situation,  the 
safest  location  is  next  to  the  wall  when  the  predominant  contribution 
comes  from  the  roof  or  through  the  ceiling  into  the  basement.  In 
Oils  case  an  area  factor  of  0,7  would  mean  that  the  central  30 
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TABLE  P-III 


Table  of  Fractional  Shelter  Area  with  PF  Greater  than  (PF)^ 
(RTI  Recommendations  -  Ground  Contribution  Only) 


Shelter  Category 

8  7  6  5 

A 

3  2 

100 

1.0  1.0  1.0  .9 

.A 

AO 

1.0  1.0  1.0  1.0 

1.0 

1.0  .6 
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percent  of  the  floor  area  should  he  restricted.  It  is  thus  evident 
that  the  gradient  of  the  PF  contours  in  a  building  has  opposite  signs, 
depending  on  the  source  location.  When  both  adjacent  and  roof  contri¬ 
butions  are  present,  the  spatial  variation  of  the  PF  is  less  pronoonced 
due  to  the  compensating  effect  of  adding  two  distributions  that  vary  in 
opposite  senses.  The  computer  program  now  assigns  PF  category  on  Lite 
basis  of  the  protection  factor  calculated  at  the  center  of  the  shelter. 

Thus,  if  a  shelter  with  lta  predominant  contribution  from  the  roof  bus 
a  center  PF  of  100,  it  would  lu>  assigned  to  PF  Category  4  (PF  range  100-149) 
and  should  have  a  unity  area  factor.  If  its  center  PF  vero  Homewhat 
leas  than  100,  It  should  also  he  assigned  to  Category  4  with  Its  area 
factor  reduced  accordingly.  This  is  of  course  not  now  done  in  the  NFSS. 

In  order  to  specify  area  factors  that  are  accurate  lo  50  percent  (e.g., 

0.6  vermis  0.9),  It  appears  necessary  to  use  a  Lwo-parameter  table  In 
which  look-ups  depend  on  floor  area  mul  relative  roof  contribution. 

c.  Floor  Thickness 

The  PF  variation  across  the  floor  also  depends  in  o  significant  way 
on  the  floor  thickness  when  the  chief  contribution  arises  frimi  limited 
planes  of  contamination.  For  example,  for  a  plane  less  than  300  feet 
wide,  Tech  Ops  experimentally  found  that  the  dose  rate  at  an  upper  story 
corner  position  in  a  wlmlowlcss  building  with  light  floors  (X^.  <1  40  psf) 
was  1.4  times  that  at  the  center  position  whereas  it  was  2.5  times  greater 
than  that  at  the  center  for  thick  floors  (Xj.  >  40  psf).  (Sec  Table  42  of 
Reference  8.) 

d.  Apertures 

A  preliminary  Investigation  indicated  that  the  area  lector  depends 
to  some  extent  on  the  percentage  and  location  of  apertures.  These 
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Investigations  actually  Indicated  an  Increase  In  the  usable  shelter 
area  when  apertures  are  added.  For  example,  on  the  second  floor  of 
a  5000  square  foot  building  with  a  center  protection  factor  of  125, 
the  fraction  of  the  area  having  a  protection  factor  greater  than  100 
is  0,43  with  no  apertures,  and  increases  to  0.56  with  10  percent 
apertures  (increased  wall  mass  thickness  to  maintain  center  PF  of  125). 

Instead  of  restricting  area  ulong  the  exterior  walls  as  is  done 
in  the  case  without  apertures,  the  shelter  area  in  a  building  with 
apertures  is  a  complex  function  of  exact  aperture  location  as  well 
aa  ground  contribution  (assuming  no  roof  contribution).  If  roof 
contribution  la  also  involved  the  boundaries  of  tho  aholtor  area  are 
ovon  more  difficult  to  doflne. 

4,  Recommended  Investigations 

In  view  of  the  Importance  of  identifying  the  maximum  number  of  aholtor 
spaces  and  tho  fact  that  the  dose  rate  spatial  variation  la  Interdependent 
on  several  factors,  It  may  be  Justifiable  to  use  tho  NFSS  Computer  Program 
to  calculato  more  than  one  PF  for  each  shelter -one  at  the  center,  and  one 
or  more  at  the  periphery  along  each  building  axis.  It  is  expected  that  this 
information  can  be  directly  correlated  in  an  elementary  way  with  the  correct 
area  factor.  This  approach  offers  a  way  in  which  the  conservatism  in  Table  P-II 
can  be  removed  with  confidence. 

It  is  recommended  that  a  more  extensive  analysis  of  the  area  factors  he 
made;  however,  in  many  cases  the  Al;  surveying  the  building,  because  of 
exact  location  of  partitions,  apertures,  etc.,  will  locate  and  limit  useful 
shelter  area. 
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8  fc  Bascncr.C .  10  ft  first  storv.  0  psf  1st  floor  slab.  Detector  3  ft  above  basement  floor. 
l-s ins;  Chares  7,1  and  7.2  of  Shelter  Design  and  Analysis. 


TAB  2 


Location  of  Data  on  Phaae  1  FOSDIC'g  and  Phaae  2  DCF'a 
Neceaaary  to  Make  EM  Calculations 


Baaement  Exposure 

Data  Location 

Phase  1 

ftaie_2 

Coda 

Sec. 

Item 

Sec, 

col 

D 

B 

44-49 

XE 

23 

Ext.  Wall  (a-d) 

JEP 

23 

Ext.Wall(q-c) 

XEQ 

23 

Ext.  Wall  (c- 

>PR 

22 

Flrat  (b) 

XP3 

22 

Upper  (c) 

XI 

23 

Int.Wall  (m-p) 

AP 

23 

Aperturoa  (1-1) 

APP 

23 

Aporturea  (u-x) 

APQ 

23 

Aperturea  (g-J) 

P 

17 

Ext. Walla  (a-b) 

L 

17 

Ext.  WallB  (a-b) 

HB 

18 

Bamt.  Ht.  (b) 

HF 

18 

Flrat  Ht.  (c) 

HS 

18 

Upper  Ht.  (d) 

HO  (Aaaumed  3' 

) 

HSB 

n 

54-57 

HSF 

B 

54-57 

HSS 

B 

54-57 

HP 

20 

A, B,C,  or  D 

Height 

01 

20 

A , B , C ,  or  P 

Width 

D2 

20 

A,B,C,  or  D 

Width 
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(Continued  ) 


TAB  2  (Continued) 


£od£ 

A 

B 

CA 

CB 

DA 

DB 


See,.  Item 

17  Ext. Wall  (a) 

17  Ext. Wall  (b) 


II 

18 

Total  Bldg,  (a) 

1IBS 

19 

Setback  lit.  (e,J,o) 

HD  (Ae aimed  3') 

HP 

20 

A,B,C,  or  11 

Height 

SA 

20 

Dlat.  to  Pace  (f,k,p) 

SB 

20 

lllat.  to  Face  (g,l,q) 

SC 

20 

Dlat.  to  Face  (h,m,r) 

SD 

20 

Diet,  to  Face  (1,0,8) 

W 

c 

20 

A,B,C,  or  D 

Width 

Xo 

22 

Roof  &  Floors  (a-d) 

XIA 

23 

Int.  Wall  (m,y,k,a) 

XIB 

23 

Int.  Wall  (n,z,e,b) 

XIC 

23 

Int.  Wall  (o,a,m,c) 

XIO 

23 

Int.  Wall  (p,b,n,d) 

(Continued . ) 
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TAB  2  (Continued) 


Ground  Contribution 

Phnae  1 


Code 

See. 

Item 

A 

23 

Apercurea 

d 

and  Dj 

19 

1)1  at.  to  l'ace 

20 

A, U,C ,  or  1)  Width 

h 

a 

IB 

Story  lit.  (b-d) 

h 

u 

IB 

Story  lit.  (b-d) 

'*1 

IB 

Sti  ry  lit.  (b-d) 

II 

18 

Story  lit.  (b-d) 

20 

A , U,C ,  or  1)  lie  1  Kill 

II 

H 

19 

Setback  lit.  (e,|,  or  0) 

20 

Ihi  Plane  lit.  (n,b,c ,  or 

I. 

I> 

17 

Kxt.  Wall  (a  or  b) 

Lt 

17 

Km t. •  Wall  (a  or  b) 

P 

17 

Kxt.  Wall  (a  and  b) 

X 

c 

23 

Kxt .  Wall 

xf 

22 

Floor  Weight  (a-c) 

xl 

23 

Int.  Wall 

Data  Location 
Phnae  2 
Sec ■  Col , 

U  44-49 


<0 


(Continued) 
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TAB  2  (Continued) 


Ground  Contribution  Data  location 


Phase  1  Phase  2 


Code 

Sec. 

Item 

Sec  ■ 

Col. 

xo 

22 

Ceillns  WeiRht  (b-d) 

a 

19 

Dial,  to  Pace 

Areawaya 

Data  Location 

Plume  I 

Phase  2 

Code 

See. 

I  tem 

Sec , 

Col , 

I) 

XI' 

23 

Put.  Wall  (a-d) 

U 

44-49 

XI 

23 

Ini  .  Wall  (m-|>) 

1. 

1/ 

Pxt  .  Wall  (a  or  h) 

J. 

a 

II 

71 

I* 

r 

17 

Kxl.  Wall  (a  and  l>) 

lilt 

IS 

llamt.  lit.  (1>) 

111)  (Assumed 

3') 

IIP1 

IS 

llsint.  lit.  (b) 

1IP2 

20 

Plane  lit.  (a-d) 

1IP3 

20 

Plane  111.  (i-1) 

D1 

U 

74-75 

D2 

20 

A,B,C,  or  1)  Widths 

D3 

20 

A,B,C,  or  D  Widths 

(Continued) 
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TAB  2  (Continued) 


Interior  Partitions 

Phase  1 

Code  Sec.  Item 

0 

L  17  Ext.  Wall  (a  or  b) 

S 


Phase  2 


Sec.  Col ■ 

B  44*49 

B  60-07 

B  58-05 

B  08 
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TAB  3  (Continued) 
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Ground  contribution  to  third  story  fron  infinite  planes  of  contaminate nn. 
Calculations  include  contributions  frog  lover,  adjacent  ami  upper  stories 


TAB  9 


Arcawav  Contribution  to  Unexuosod  Basement  Shelter 
X.  TOTAL  CONTRIBUTION 

The  total  contribution  to  a  basement  shelter  as  described  In  Example  5.2  of 
Reference  5  is  0,0070  (Ground  contribution  is  0.0014). 

II.  ADDITIONAL  CONTRIBUTION 
A.  Areawav  -  No  Apertures 

If  an  areaway  5'  wide  and  507.  of  the  length  of  the  building  la  added, 
the  calculation  of  its  effect  is  as  follows: 


6)2 

£J3 

£04 

U)Sx2 


100 

100 

90 

10 


120 

120 

110 

120 


10 

3 

3 

6.  5 


.  840 
.  951 
.  944 
.  42 


.0465 


.  06  7 


.251 

.282 


Add 


it  tonal  Skyshinc  =  Bu(XK)  [l*Sw(XE)J  [c^tJl)  -  Gfl  (612)] 

-  0,088  (0.34)  (0.0045)  *  0.00013 
ltion.nl  Direct  -  H^fXK)  ^  1-S^  (XE)  j  ^  (614)  -G^(6)3)j 

»  0.088  (0.34)  (0.031)  =  0.00088 

itlonal  Scat  ter  =  11  (ilS ,  XE)  S  ( X K )  K  (c)  I"  G  (  £J  1 )  +  G  (4)4)1 
vs  w  Is  s  J 

=  0.008  (0.66)  (1.41)  (0.257)  =  0.00192 


Add 
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Scatter  ••  (M)01flr> 

Sky  shim-  ~  0,004H(> 

Direct  "  U.UU2ri2 

0.00923  x  55/400  »  0.0013. 

III.  SUMMARY 

The  reduction  factor  Tor  Kxatnplc  5.2  of  Reference  5  was  0.0070.  The  arcaway 
with  no  apertures  Increases  the  overall  contribution  by  approximately  b7,.  Tills 
increase  would  be  approximately  157.  if  the  upper  IV  of  the  exterior  wall  adjacent 
to  the  areaway  were  windows.  The  increase  in  overall  reduction  factor  would  have 
been  about  97.  if  there  had  been  a  3'x7'  door  leading  into  the  areaway,  and  the  increase 
due  to  the  combination  of  windows  and  door  would  be  approximately  187.. 

Although  the  overall  reduction  factors  increased  only  187.,  the  ground  contri¬ 
bution  part  of  the  reduction  factor  increased  by  907.  ^0.0014  to  0.0027  (0.0014  +  0.0013)1 
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TAD  10 


nft  Data  In  Engineering  Manual  Charts 


K.M.  Chart  Page 

Barrier  Shielding  Effects,  * 

Fallout  Adjacent  to  Horizontal 
Barrier 

Barrier  Shielding  Effects,  P  -  114 

Fallout  on  Barrier 

Wall  Barrier  Shielding  Effects 

For  Various  Heights  P  -  115 

Roof  Contribution  P  -  117 

C  and  G  Directional  Responses  P  -  119 

H  0 

G,  Dircctnnal  Response  P  -  120 

Skyshine  Correction  * 

Fraction  of  Emergent  Radiation 
Scattered  InWall  Harrier  T  -  121 

Shape  Factor  for  Wul 1-acnttcrcd 
Radiation  P  •  121 

Barrier  Reduction  Factor  For 
Wall- scattered  Radiation  For 
Limited  Plane  of  Contamination  P  •  122 

Roof  Contribution 

Wall  Barrier  Effect  1>  -  124 


the  present  Computer  Program  are  to  be 
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TABLE  2  (Chart  1,  Case  1) 

Barrier  ShleltllnK  Efleeta,  fallout  on  Barrier 
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